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ExpLoRATIONS OF MATHEMATICAL MoDELS IN BiloLoGy WITH MATLAB EXPLORATIONS OF MATHEMATICAL
MobDELS IN BioLogy wiTH MATLAB MATHEMATICAL BioLocy MATLAB MODELING BIOLOGICAL SYSTEMS
SIMULATION DIFFERENTIAL EQUATIONS PopuLATION DYNAMICS EPIDEMIOLOGY SYSTEMS BioLoGY
BIOINFORMATICS IMAGINE A BUSTLING CITY TEEMING WITH LIFE WHERE EVERY INDIVIDUAL INTERACTS COMPETES
AND COOPERATES ALL WITHIN A COMPLEX WEB OF RELATIONSHIPS THIS CITY HOWEVER ISNT MADE OF BRICK
AND MORTAR ITS A LIVING ORGANISM A BIOLOGICAL SYSTEM UNDERSTANDING ITS DYNAMICS PREDICTING ITS
FUTURE AND INTERVENING WHEN NECESSARY REQUIRES A POWERFUL TOOL MATHEMATICAL MODELING AND IN THE
REALM OF COMPUTATIONAL BIoLOGY MATLAB STANDS AS A POTENT ENGINE DRIVING THESE EXPLORATIONS
FORWARD THIS ARTICLE DELVES INTO THE FASCINATING WORLD OF MATHEMATICAL MODELING IN BIOLOGY
SHOWCASING HOW MATLAB EMPOWERS SCIENTISTS TO UNRAVEL THE INTRICATE COMPLEXITIES OF LIFE W/ELL
JOURNEY FROM SIMPLE POPULATION GROWTH MODELS TO SOPHISTICATED SIMULATIONS OF GENE REGULATORY
NETWORKS ALL WHILE ILLUMINATING THE PRACTICAL APPLICATIONS OF THIS POWERFUL COMBINATION THE
Power OF ABSTRACTION FROM REALITY To EQUATIONS BEFORE DIVING INTO MATLAB ITs cruciaL TO
UNDERSTAND THE ESSENCE OF MATHEMATICAL MODELING |TS AN ACT OF CREATIVE ABSTRACTION TRANSLATING
THE MESSY NUANCED REALITY OF BIOLOGICAL SYSTEMS INTO A SIMPLIFIED YET INSIGHTFUL MATHEMATICAL
REPRESENTATION THINK OF IT AS BUILDING A MINIATURE REPLICA OF A CITY FOCUSING ON KEY ASPECTS LIKE
TRAFFIC FLOW POPULATION DENSITY AND RESOURCE ALLOCATION TO UNDERSTAND THE OVERALL BEHAVIOR OF
THE SYSTEM CONSIDER THE CLASSIC EXAMPLE OF THE LOTKAVOLTERRA EQUATIONS WHICH MODEL THE
PREDATORPREY INTERACTION BETWEEN RABBITS AND FOXES THESE EQUATIONS ALTHOUGH RELATIVELY SIMPLE
CAPTURE THE CYCLICAL NATURE OF POPULATION DYNAMICS REVEALING HOW CHANGES IN ONE POPULATION
DIRECTLY INFLUENCE THE OTHER IMPLEMENTING THESE EQUATIONS IN MATLAB ALLOWS US TO SIMULATE THESE

CYCLES VISUALIZE THE RESULTS AND EXPLORE THE IMPACT OF DIFFERENT PARAMETERS LIKE BIRTH RATES DEATH
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RATES AND PREDATION EFFICIENCY MATLAB THE ARCHITECT oF BloLoGicAL SIMULATIONS MATLAB wITH
ITS INTUITIVE SYNTAX AND EXTENSIVE TOOLBOXES PROVIDES THE PERFECT ENVIRONMENT 2 FOR BUILDING
ANALYZING AND VISUALIZING THESE MODELS |TS POWERFUL NUMERICAL COMPUTING CAPABILITIES ENABLE THE
EFFICIENT SOLVING OF DIFFERENTIAL EQUATIONS A CORNERSTONE OF MANY BIOLOGICAL MODELS FOR INSTANCE
SIMULATING THE SPREAD OF AN INFECTIOUS DISEASE REQUIRES SOLVING COMPLEX DIFFERENTIAL EQUATIONS THAT
DESCRIBE THE RATE OF INFECTION RECOVERY AND DEATH MATLABS BUILTIN FUNCTIONS AND SPECIALIZED
TOOLBOXES STREAMLINE THIS PROCESS ALLOWING RESEARCHERS TO FOCUS ON THE BIOLOGICAL IMPLICATIONS
RATHER THAN THE INTRICACIES OF NUMERICAL COMPUTATION BEYOND PREDATORPREY EXPLORING DIVERSE
APPLICATIONS THE APPLICATIONS OF MATHEMATICAL MODELING IN BIOLOGY EXTEND FAR BEYOND SIMPLISTIC
PREDATOR PREY INTERACTIONS HERE ARE A FEW COMPELLING EXAMPLES EPIDEMIOLOGY MODELING THE SPREAD OF
INFECTIOUS DISEASES PREDICTING OUTBREAKS AND EVALUATING THE EFFICACY OF VACCINATION STRATEGIES
MATLAB ALLOWS FOR SIMULATING VARIOUS SCENARIOS SUCH AS THE IMPACT OF SOCIAL DISTANCING OR THE
EFFECTIVENESS OF DIFFERENT TREATMENTS POPULATION DYNAMICS STUDYING THE GROWTH AND DECLINE OF
POPULATIONS CONSIDERING FACTORS SUCH AS RESOURCE AVAILABILITY COMPETITION AND ENVIRONMENTAL
CHANGES MATLABS ABILITY TO HANDLE LARGE DATASETS MAKES IT IDEAL FOR ANALYZING REALWORLD
POPULATION DATA AND VALIDATING MODELS SYSTEMS BIOLOGY INVESTIGATING COMPLEX INTERACTIONS WITHIN
BIOLOGICAL NETWORKS SUCH AS GENE REGULATORY NETWORKS OR METABOLIC PATHWAYS MATLABSs
GRAPHICAL CAPABILITIES FACILITATE THE VISUALIZATION OF THESE NETWORKS HELPING RESEARCHERS UNDERSTAND
THE FLOW OF INFORMATION AND THE IMPACT OF PERTURBATIONS BIOINFORMATICS ANALYZING BIOLOGICAL DATA
SUCH AS GENE EXPRESSION PROFILES OR PROTEIN SEQUENCES TO IDENTIFY PATTERNS AND PREDICT FUNCTIONS
MATLABS STATISTICAL AND MACHINE LEARNING TOOLBOXES ARE INVALUABLE FOR EXTRACTING MEANINGFUL
INSIGHTS FROM THIS VAST AMOUNT OF DATA A PERSONAL ANECDOTE UNVEILING THE SECRETS oF CANCER
GrROWTH DURING MY DOCTORAL STUDIES | UseD MATLAB To MODEL THE GROWTH AND SPREAD OF
CANCEROUS TUMORS WE DEVELOPED A MODEL THAT INCORPORATED FACTORS LIKE CELL PROLIFERATION
APOPTOSIS PROGRAMMED CELL DEATH AND ANGIOGENESIS FORMATION OF NEW BLOOD VESSELS BY TWEAKING
PARAMETERS WITHIN THE MODEL WE WERE ABLE TO SIMULATE THE EFFECTS OF DIFFERENT CANCER THERAPIES
GAINING VALUABLE INSIGHTS INTO THEIR MECHANISMS OF ACTION AND POTENTIAL LIMITATIONS THE VISUAL

REPRESENTATION OF TUMOR GROWTH GENERATED BY MATLAB WAS PARTICULARLY ILLUMINATING ALLOWING US

2 Explorations Of Mathematical Models In Biology With Matlab



ExpLorATIONS OF MATHEMATICAL MoDELS IN BioLogy WITH MATLAB

TO IDENTIFY KEY STAGES IN TUMOR DEVELOPMENT AND PINPOINT POTENTIAL 3 THERAPEUTIC TARGETS THIS
EXPERIENCE UNDERSCORED THE IMMENSE POTENTIAL OF MATLAB IN TRANSLATING BIOLOGICAL OBSERVATIONS
INTO ACTIONABLE PREDICTIONS ACTIONABLE [ AKEAWAYS LEARN MATLAB INVESTING TIME IN LEARNING
MATLAB OPENS DOORS TO A VAST WORLD OF BIOLOGICAL MODELING AND SIMULATION NUMEROUS ONLINE
RESOURCES AND TUTORIALS ARE AVAILABLE TO GET YOU STARTED START SIMPLE BEGIN WITH SIMPLER
MODELS AND GRADUALLY INCREASE COMPLEXITY AS YOU GAIN EXPERIENCE MASTERING THE FUNDAMENTALS IS
CRUCIAL BEFORE TACKLING INTRICATE SYSTEMS COLLABORATE CONNECT WITH RESEARCHERS IN YOUR FIELD AND
EXCHANGE KNOWLEDGE AND EXPERTISE COLLABORATIVE EFFORTS OFTEN LEAD TO MORE COMPREHENSIVE AND
IMPACTFUL MODELS VALIDATE YOUR MobeELS COMPARE YOUR MODEL PREDICTIONS WITH REALWORLD DATA TO
ENSURE ACCURACY AND RELIABILITY THIS ITERATIVE PROCESS OF MODEL REFINEMENT IS ESSENTIAL FOR
PRODUCING MEANINGFUL RESULTS FREQUENTLY AsSkeD QUESTIONS FAQS 1 WHAT BACKGROUND IS REQUIRED
To Use MATLAB FOR BIOLOGICAL MODELING A BASIC UNDERSTANDING OF MATHEMATICS PARTICULARLY
CALCULUS AND DIFFERENTIAL EQUATIONS IS HELPFUL PRIOR PROGRAMMING EXPERIENCE IS BENEFICIAL BUT NOT
STRICTLY NECESSARY 2 WHAT ARE THE LIMITATIONS OF MATHEMATICAL MODELS IN BIOLOGY MODELS ARE
INHERENTLY SIMPLIFICATIONS OF REALITY THEY MAY NOT CAPTURE ALL THE COMPLEXITIES OF BIOLOGICAL
SYSTEMS AND THEIR PREDICTIONS SHOULD BE INTERPRETED WITH CAUTION 3 ARE THERE ANY FREE
ALTERNATIVES TO MATLAB YES THERE ARE OPENSOURCE ALTERNATIVES LIKE R AND PYTHON EACH WITH ITS
OWN STRENGTHS AND WEAKNESSES [HE CHOICE DEPENDS ON THE SPECIFIC NEEDS OF THE PROJECT AND THE
USERS FAMILIARITY WITH DIFFERENT PROGRAMMING LANGUAGES 4 How CAN | VISUALIZE THE RESULTS OF MY
MATLAB siMuLATIONS MATLAB OFFERS A WIDE RANGE OF PLOTTING AND VISUALIZATION TOOLS ALLOWING
YOU TO CREATE GRAPHS CHARTS AND EVEN ANIMATIONS TO REPRESENT YOUR MODEL OUTPUTS 5 WHERE CAN
| FIND MORE INFORMATION ON MATHEMATICAL MODELING IN BIOLOGY NUMEROUS TEXTBOOKS RESEARCH ARTICLES
AND ONLINE RESOURCES COVER THIS TOPIC EXTENSIVELY SEARCHING FOR SPECIFIC KEYWORDS RELATED TO YOUR
AREA OF INTEREST WILL YIELD RELEVANT RESULTS THE JOURNEY INTO THE WORLD OF MATHEMATICAL MODELING
IN BIOLOGY IS BOTH CHALLENGING AND REWARDING WITH MATLAB AS YOUR TRUSTY COMPANION YOULL BE
EMPOWERED TO DECIPHER THE 4 INTRICATE CODE OF LIFE MAKING SIGNIFICANT CONTRIBUTIONS TO SCIENTIFIC
DISCOVERY AND POTENTIALLY REVOLUTIONIZING HEALTHCARE ENVIRONMENTAL MANAGEMENT AND BEYOND SO

EMBARK ON THIS EXCITING ADVENTURE AND WITNESS FIRSTHAND THE POWER OF MATHEMATICAL MODELING IN
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UNRAVELING THE SECRETS OF THE LIVING WORLD

DYNAMIC MODELS IN BIOLOGYSTOCHASTIC MODELS IN BIOLOGYMATHEMATICAL MODELS IN BloLOGYMODELS IN
BioLOGYMATHEMATICAL MODELS IN BioLOGYA PRIMER IN MATHEMATICAL MODELS IN BIOLOGYMODELING
BiIoLOGYMATHEMATICAL MODELS IN BIOLOGYMATHEMATICAL MODELS IN BIOLOGY THEORETICAL MODELS IN
BIOLOGYMATHEMATICAL MODELS FOR SOCIETY AND BIoOLOGYNEUTRAL MODELS IN BIOLOGYMATHEMATICAL
MoDELS IN BloLoGY AND MEeDICINELINEAR MoODELS IN BioLoGYDYNAMICAL MODELS IN BloLoGYSINGLE-CELL-
BAseED MODELS IN BioLoGY AND MEDICINEMODELING BIOLOGICAL SYSTEMS:MATHEMATICAL MODELING IN
SyYSTEMS BloLoGYMobDeL-BASED HYPOTHESIS TESTING IN BIOMEDICINELECTURES ON NONLINEAR-DIFFERENTIAL-
EQUATION MODELS IN BloLoGY STEPHEN P. ELLNER NARENDRA S. GoeL VALERIA ZAzzU DAvID BrROWN
ELIZABETH SPENCER ALLMAN LEE A. SEGEL MANFRED DIETRICH LAUBICHLER ELISABETH S. ALLMAN ELIZABETH S.
ALLMAN GLENN W. RowEe EpwARD BELTRAMI MATTHEW H. NiTeCkl IFIP-TC4 WorkiNG CONFERENCE ON
MATHEMATICAL MODELS IN BioLoGy AND Mepicine$ (1972 : VARNA, BULGAREE) MicHAEL R. CuLLen MikBl s
FARKAS ALEXANDER ANDERSON JAMES W/. HAEFNER BRIAN P. INGALLS RIKARD JOHANSSON JAMES Dickson
MURRAY

DYNAMIC MODELS IN BloLoGY STOCHASTIC MODELS IN BiloLoGY MATHEMATICAL MODELS IN BioLoGY MODELS
IN BloLoGY MATHEMATICAL MODELS IN BioLoGY A PRIMER IN MATHEMATICAL MODELS IN BioLoGY MODELING
BioLoGY MATHEMATICAL MODELS IN BloLoGY MATHEMATICAL MODELS IN BioLoOGY THEORETICAL MODELS IN
BioLoGY MATHEMATICAL MODELS FOR SOCIETY AND BloLoGY NEUTRAL MODELS IN BioLoGY MATHEMATICAL
MoDELS IN BloLoGY AND MEeDICINE LINEAR MoODELS IN BioLoGY DyNAMICAL MODELS IN BioLoGy SINGLE-CELL-
BASED MODELS IN BioLoGY AND MEDICINE MODELING BIOLOGICAL SYSTEMS: MATHEMATICAL MODELING IN
SyYsSTEMS BioLoGY MobpeL-BASED HYPOTHESIS TESTING IN BIOMEDICINE LECTURES ON NONLINEAR-DIFFERENTIAL-
EQUATION MODELS IN BloLoGY STepHEN P. ELiner NAReENDRA S. GOEL VALERIA ZAzzU DAvID BrROWN
ELizABETH SPENCER ALLMAN Lee A. SeGeL MANFReD DIETRICH LAUBICHLER ELISABETH S. ALLMAN ELIZABETH S.
ALLMAN GLENN V. Rowe EpwArD BeLTrRAMI MATTHEW H. NiTecki IFIP-TC4 WorkinG CONFERENCE ON
MATHEMATICAL MopELS IN BioLoGy Anp Mepicine$ (1972 : VArRNA, BULGARIE) MicHAEL R. CuLLEN MikLEE s
FARKAS ALEXANDER ANDERSON JAMES . HAEFNER BRIAN P. INGALLS RIKARD JOHANSSON JAMES DICKSON

MurrAY
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FROM CONTROLLING DISEASE OUTBREAKS TO PREDICTING HEART ATTACKS DYNAMIC MODELS ARE INCREASINGLY

CRUCIAL FOR UNDERSTANDING BIOLOGICAL PROCESSES MANY UNIVERSITIES ARE STARTING UNDERGRADUATE

PROGRAMS IN COMPUTATIONAL BIOLOGY TO INTRODUCE STUDENTS TO THIS RAPIDLY GROWING FIELD IN DYNAMIC

MODELS IN BIOLOGY THE FIRST TEXT ON DYNAMIC MODELS SPECIFICALLY WRITTEN FOR UNDERGRADUATE

STUDENTS IN THE BIOLOGICAL SCIENCES ECOLOGIST STEPHEN ELLNER AND MATHEMATICIAN JOHN GUCKENHEIMER

TEACH STUDENTS HOW TO UNDERSTAND BUILD AND USE DYNAMIC MODELS IN BIOLOGY DEVELOPED FROM A

COURSE TAUGHT BY ELLNER AND GUCKENHEIMER AT CORNELL UNIVERSITY THE BOOK IS ORGANIZED AROUND

BIOLOGICAL APPLICATIONS WITH MATHEMATICS AND COMPUTING DEVELOPED THROUGH CASE STUDIES AT THE

MOLECULAR CELLULAR AND POPULATION LEVELS THE AUTHORS COVER BOTH SIMPLE ANALYTIC MODELS THE

SORT USUALLY FOUND IN MATHEMATICAL BIOLOGY TEXTS AND THE COMPLEX COMPUTATIONAL MODELS NOW

USED BY BOTH BIOLOGISTS AND MATHEMATICIANS LINKED TO A SITE WITH COMPUTER LAB MATERIALS AND

EXERCISES DYNAMIC MODELS IN BIOLOGY IS A MAJOR NEW INTRODUCTION TO DYNAMIC MODELS FOR STUDENTS

IN THE BIOLOGICAL SCIENCES MATHEMATICS AND ENGINEERING

STOCHASTIC MODELS IN BIOLOGY DESCRIBES THE USEFULNESS OF THE THEORY OF STOCHASTIC PROCESS IN

STUDYING BIOLOGICAL PHENOMENA THE BOOK DESCRIBES ANALYSIS OF BIOLOGICAL SYSTEMS AND EXPERIMENTS

THOUGH PROBABILISTIC MODELS RATHER THAN DETERMINISTIC METHODS THE TEXT REVIEWS THE MATHEMATICAL

ANALYSES FOR MODELING DIFFERENT BIOLOGICAL SYSTEMS SUCH AS THE RANDOM PROCESSES CONTINUOUS IN

TIME AND DISCRETE IN STATE SPACE THE BOOK ALSO DISCUSSES POPULATION GROWTH AND EXTINCTION

THROUGH MALTHUS LAW AND THE WORK OF MACARTHUR AND WILSON THE TEXT THEN EXPLAINS THE DYNAMICS

OF A POPULATION OF INTERACTING SPECIES THE BOOK ALSO ADDRESSES POPULATION GENETICS UNDER

SYSTEMATIC EVOLUTIONARY PRESSURES KNOWN AS DETERMINISTIC EQUATIONS AND GENETIC CHANGES IN A FINITE

POPULATION KNOWN AS STOCHASTIC EQUATIONS THE TEXT THEN TURNS TO STOCHASTIC MODELING OF

BIOLOGICAL SYSTEMS AT THE MOLECULAR LEVEL PARTICULARLY THE KINETICS OF BIOCHEMICAL REACTIONS THE

BOOK ALSO PRESENTS VARIOUS USEFUL EQUATIONS SUCH AS THE DIFFERENTIAL EQUATION FOR GENERATING

FUNCTIONS FOR BIRTH AND DEATH PROCESSES THE TEXT CAN PROVE VALUABLE FOR BIOCHEMISTS CELLULAR

BIOLOGISTS AND RESEARCHERS IN THE MEDICAL AND CHEMICAL FIELD WHO ARE TASKED TO PERFORM DATA

ANALYSIS
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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 MATHEMATICS

THIS TEXT PROVIDES AN INTRODUCTION TO THE USE OF MATHEMATICAL MODELS IN BIOLOGY THE STATISTICAL
TECHNIQUES FOR FITTING AND TESTING THEM AND ASSOCIATED COMPUTING METHODS THE PROPERTIES OF MODELS

AND METHODS OF FITTING AND TESTING ARE DEMONSTRATED BY COMPUTER SIMULATION ILLUSTRATIONS

A TEXTBOOK ON MATHEMATICAL MODELLING TECHNIQUES WITH POWERFUL APPLICATIONS TO BIOLOGY COMBINING

THEORETICAL EXPOSITION WITH EXERCISES AND EXAMPLES

EXPERTS EXAMINE NEW MODELING STRATEGIES FOR THE INTERPRETATION OF BIOLOGICAL DATA AND THEIR
INTEGRATION INTO THE CONCEPTUAL FRAMEWORK OF THEORETICAL BIOLOGY DETAILING APPROACHES THAT
FOCUS ON MORPHOLOGY DEVELOPMENT BEHAVIOR OR EVOLUTION ABSTRACT AND CONCEPTUAL MODELS HAVE
BECOME AN INDISPENSABLE TOOL FOR ANALYZING THE FLOOD OF HIGHLY DETAILED EMPIRICAL DATA GENERATED
IN RECENT YEARS BY ADVANCED TECHNIQUES IN THE BIOSCIENCES SCIENTISTS ARE DEVELOPING NEW MODELING
STRATEGIES FOR ANALYZING DATA INTEGRATING RESULTS INTO THE CONCEPTUAL FRAMEWORK OF THEORETICAL
BIOLOGY AND FORMULATING NEW HYPOTHESES IN MODELING BIOLOGY LEADING SCHOLARS INVESTIGATE NEW

MODELING STRATEGIES IN THE DOMAINS OF MORPHOLOGY DEVELOPMENT BEHAVIOR AND EVOLUTION THE EMPHASIS
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ON MODELS IN THE BIOLOGICAL SCIENCES HAS BEEN ACCOMPANIED BY A NEW FOCUS ON CONCEPTUAL ISSUES
AND A MORE COMPLEX UNDERSTANDING OF EPISTEMOLOGICAL CONCEPTS CONTRIBUTORS TO MODELING BIOLOGY
DISCUSS MODELS AND MODELING STRATEGIES FROM THE PERSPECTIVES OF PHILOSOPHY HISTORY AND APPLIED
MATHEMATICS INDIVIDUAL CHAPTERS DISCUSS SPECIFIC APPROACHES TO MODELING IN SUCH DOMAINS AS
BIOLOGICAL FORM DEVELOPMENT AND BEHAVIOR FINALLY THE BOOK ADDRESSES THE MODELING OF THESE
PROPERTIES IN THE CONTEXT OF EVOLUTION WITH A PARTICULAR EMPHASIS ON THE EMERGING FIELD OF
EVOLUTIONARY DEVELOPMENTAL BIOLOGY OR EVO DEVO CONTRIBUTORS GIORGIO A ASCOLI CHANDRAJIT BAJAJ
JAMES P COLLINS LUCIANO DA FONTOURA COSTA KERSTIN DAUTENHAHN NIGEL R FRANKS SCOTT GILBERT MARTA
IBA ES MIGUEZ JUAN CARLOS IZPIS A BELMONTE ALEXANDER S KLYUBIN THOMAS J KOEHNLE MANFRED D
LAUBICHLER SABINA LEONELLI JAMES A R MARSHALL GEORGE R MCGHEE JR GERD B M LLER CHRYSTOPHER L
NEHANIV KARL J NIKLAS LARS OLSSON EIRIKUR PALSSON DANIEL POLANI DIEGO RASSKIN GUTMAN HANS J RG

RHEINBERGER ALEXElI V SAMSONOVICH JEFFREY C SCHANK HARRY B M UYLINGS JAAP VAN PELT IAIN WERRY

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

THIS BOOK SURVEYS THEORETICAL MODELS IN THREE BROAD AREAS OF BIOLOGY THE ORIGIN OF LIFE THE
IMMUNE SYSTEM AND MEMORY IN THE BRAIN INTRODUCING MATHEMATICAL AND MAINLY COMPUTATIONAL MODELS
THAT HAVE BEEN USED TO CONSTRUCT SIMULATIONS MOST CURRENT BOOKS ON THEORETICAL BIOLOGY FALL
INTO ONE OF TWO CATEGORIES A BOOKS THAT SPECIALIZE IN ONE AREA OF BIOLOGY AND TREAT THEORETICAL

MODELS IN CONSIDERABLE DEPTH AND B BOOKS THAT CONCENTRATE ON PURELY MATHEMATICAL MODELS WITH
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COMPUTERS USED ONLY TO FIND NUMERICAL SOLUTIONS TO DIFFERENTIAL EQUATIONS FOR EXAMPLE ALTHOUGH

SOME MATHMATICAL MODELS ARE CONSIDERED IN THIS BOOK THE MAIN EMPHASIS IS ON STOCHASTIC COMPUTER

MODLES OF BIOLOGICAL SYSTEMS SUCH TECHNIQUES HAVE A MUCH GREATER POTENTIAL FOR PRODUCTING

DETAILED REALISTIC MODELS OF INDIVIDUAL SYSTEMS AND ARE LIKELY TO BE THE PREFERRED MODELLING

METHODS OF THE FUTURE BY CONSIDERING THREE DIFFERENT AREAS IN BIOLOGY THE BOOK SHOWS HOW SEVERAL

OF THESE MODELLING TECHNIQUES HAVE BEEN SUCCESSFULLY APPLIED IN DIVERSE AREAS PUT SIMPLY THIS BOOK

IS IMPORTANT BECUASE IT SHOWS HOW THE POWER OF MODERN COMPUTERS IS ALLOWING RESEARCHERS IN

THEORETICAL BIOLOGY TO BREAK FREE OF THE CONSTRAINTS ON MODELLING THAT WERE IMPOSED BY THE

TRADITIONAL DIFFERENTIAL EQUATION APPROACH ANYONE WHO IS INTERESTED IN THE THEORETICAL MODELS OF

COMPLICATED LIVING SYSTEMS SHOULD HAVE THIS IN HIS OR HER LIBRARY G B ERMENTROUT BULLETIN OF

MATHEMATICAL BIOLOGY

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

NEUTRAL MODELS ARE CONSTRUCTED TO HELP SCIENTISTS UNDERSTAND COMPLEX PATTERNS OF FORM

STRUCTURE OR BEHAVIOR THAT MAY NOT BE OBSERVED DIRECTLY IN THIS UNIQUE VOLUME EIGHT DISTINGUISHED

SCIENTISTS PRESENT A COMPREHENSIVE STUDY OF THE USE OF NEUTRAL MODELS IN TESTING BIOLOGICAL

THEORIES THEY DESCRIBE THE PRINCIPLES OF MODEL TESTING AND EXPLORE HOW THEY ARE APPLIED TO

RESEARCH IN MOLECULAR BIOLOGY GENETICS ECOLOGY EVOLUTION AND PALEONTOLOGY IN ADDITION TO THE

EDITORS THE CONTRIBUTORS INCLUDE STEPHEN STIGLER DAVID RAUP PAUL HARVEY L B SLOBODKIN STUART

KAUFFMAN WILLIAM WIMSATT AND JAMES CROW
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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

MANY DIFFERENT SINGLE CELL BASED MODELS HAVE BEEN DEVELOPED AND APPLIED TO BIOLOGICAL AND MEDICAL
PROBLEMS COMPUTATIONAL APPROACHES USED ARE MONTE CARLO SIMULATIONS ENERGY MINIMISATION
TECHNIQUES VOLUME CONSERVATION LAWS SOLUTIONS OF THE EQUATIONS OF MOTION FOR EACH INDIVIDUAL
CELL OR FOR EACH POINT ON THE CELL MEMBRANE THEY DIFFER IN THE LEVEL OF DETAIL THAT DEFINES THE
CELL STRUCTURE AND SUBSEQUENTLY IN THE NUMBER OF INDIVIDUAL CELLS THAT THE MODEL CAN INCORPORATE
THIS VOLUME PRESENTS A COLLECTION OF MATHEMATICAL AND COMPUTATIONAL SINGLE CELL BASED MODELS
AND THEIR APPLICATION THE MAIN SECTIONS COVER FOUR GENERAL MODEL GROUPINGS HYBRID CELLULAR
AUTOMATA CELLULAR POTTS LATTICE FREE CELLS AND VISCOELASTIC CELLS EACH SECTION IS INTRODUCED BY

A DISCUSSION OF THE APPLICABILITY OF THE PARTICULAR MODELLING APPROACH AND ITS ADVANTAGES AND
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DISADVANTAGES WHICH WILL MAKE THE BOOK SUITABLE FOR STUDENTS STARTING RESEARCH IN MATHEMATICAL

BIOLOGY AS WELL AS SCIENTISTS MODELLING MULTICELLULAR PROCESSES

| PRINCIPLES 1 1 MoDELS oF SYSTEMS 3 1 1 SYSTEMS MODELS AND MODELING 3 1 2 USES OF SCIENTIFIC
MODELS 4 1 3 EXAMPLE ISLAND BIOGEOGRAPHY &6 1 4 CLASSIFICATIONS OF MODELS 10 1 5 CONSTRAINTS
ON MODEL STRUCTURE 12 1 6 SOME TERMINOLOGY 12 1 7 MISUSES OF MODELS THE DARK SIDE 13 1 8
EXERCISES 15 2 THE MODELING PROCESS 17 2 1 MODELS ARE PROBLEMS 17 2 2 TWO ALTERNATIVE
APPROACHES 18 2 3 AN EXAMPLE POPULATION DOUBLING TIME 24 2 4 MODEL OBJECTIVES 28 2 5
EXERCISES 30 3 QUALITATIVE MODEL FORMULATION 32 3 1 HOW TO EAT AN ELEPHANT 32 3 2 FORRESTER
DIAGRAMS 33 3 3 EXAMPLES 36 3 4 ERRORS IN FORRESTER DIAGRAMS 44 3 5 ADVANTAGES AND
DISADVANTAGES OF FORRESTER DIAGRAMS 44 3 6 PRINCIPLES OF QUALITATIVE FORMULATION 45 3 7 MODEL
SIMPLIFICATION 47 3 8 OTHER MODELING PROBLEMS 49 Vil CONTENTS 3 9 EXERCISES 53 4 QUANTITATIVE
MODEL FORMULATION | 4 1 FROM QUALITATIVE TO QUANTITATIVE FINITE DIFFERENCE EQUATIONS AND
DIFFERENTIAL EQUATIONS 4 2 4 3 BIOLOGICAL FEEDBACK IN QUANTITATIVE MODELS 4 4 EXAMPLE MODEL 4 5
EXERCISES 5 QUANTITATIVE MODEL FORMULATION IT 81 5 1 PHYSICAL PROCESSES 81 5 2 USING THE
TOOLBOX OF BIOLOGICAL PROCESSES 89 5 3 USEFUL FUNCTIONS 96 5 4 exampLes 102 5 5 EXERCISES
104 6 NUMERICAL TECHNIQUES 107 6 1 MISTAKES COMPUTERS MAKE 107 6 2 NUMERICAL INTEGRATION

170 6 3 NUMERICAL INSTABILITY AND STIFF EQUATIONS 115

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
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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

THE UTILIZATION OF MATHEMATICAL TOOLS WITHIN BIOLOGY AND MEDICINE HAS TRADITIONALLY BEEN LESS
\WIDESPREAD COMPARED TO OTHER HARD SCIENCES SUCH AS PHYSICS AND CHEMISTRY HOWEVER AN INCREASED
NEED FOR TOOLS SUCH AS DATA PROCESSING BIOINFORMATICS STATISTICS AND MATHEMATICAL MODELING HAVE
EMERGED DUE TO ADVANCEMENTS DURING THE LAST DECADES THESE ADVANCEMENTS ARE PARTLY DUE TO THE
DEVELOPMENT OF HIGH THROUGHPUT EXPERIMENTAL PROCEDURES AND TECHNIQUES WHICH PRODUCE EVER
INCREASING AMOUNTS OF DATA FOR ALL ASPECTS OF BIOLOGY AND MEDICINE THESE DATA REVEAL A HIGH
LEVEL OF INTER CONNECTIVITY BETWEEN COMPONENTS WHICH OPERATE ON MANY LEVELS OF CONTROL AND
WITH MULTIPLE FEEDBACKS BOTH BETWEEN AND WITHIN EACH LEVEL OF CONTROL HOWEVER THE AVAILABILITY
OF THESE LARGE SCALE DATA IS NOT SYNONYMOUS TO A DETAILED MECHANISTIC UNDERSTANDING OF THE
UNDERLYING SYSTEM RATHER A MECHANISTIC UNDERSTANDING IS GAINED FIRST WHEN WE CONSTRUCT A
HYPOTHESIS AND TEST ITS PREDICTIONS EXPERIMENTALLY IDENTIFYING INTERESTING PREDICTIONS THAT ARE
QUANTITATIVE IN NATURE GENERALLY REQUIRES MATHEMATICAL MODELING THIS IN TURN REQUIRES THAT THE
STUDIED SYSTEM CAN BE FORMULATED INTO A MATHEMATICAL MODEL SUCH AS A SERIES OF ORDINARY
DIFFERENTIAL EQUATIONS \WHERE DIFFERENT HYPOTHESES CAN BE EXPRESSED AS PRECISE MATHEMATICAL
EXPRESSIONS THAT INFLUENCE THE OUTPUT OF THE MODEL WITHIN SPECIFIC SUB DOMAINS OF BIOLOGY THE
UTILIZATION OF MATHEMATICAL MODELS HAVE HAD A LONG TRADITION SUCH AS THE MODELING DONE ON
ELECTROPHYSIOLOGY BY HODGKIN AND HUXLEY IN THE 1950S HOWEVER IT IS ONLY IN RECENT YEARS WITH
THE ARRIVAL OF THE FIELD KNOWN AS SYSTEMS BIOLOGY THAT MATHEMATICAL MODELING HAS BECOME MORE

COMMONPLACE THE SOMEWHAT SLOW ADAPTATION OF MATHEMATICAL MODELING IN BIOLOGY IS PARTLY DUE
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TO HISTORICAL DIFFERENCES IN TRAINING AND TERMINOLOGY AS WELL AS IN A LACK OF AWARENESS OF
SHOWCASES ILLUSTRATING HOW MODELING CAN MAKE A DIFFERENCE OR EVEN BE REQUIRED FOR A CORRECT
ANALYSIS OF THE EXPERIMENTAL DATA IN THIS WORK | PROVIDE SUCH SHOWCASES BY DEMONSTRATING THE
UNIVERSALITY AND APPLICABILITY OF MATHEMATICAL MODELING AND HYPOTHESIS TESTING IN THREE DISPARATE
BIOLOGICAL SYSTEMS IN PAPER Il WE DEMONSTRATE HOW MATHEMATICAL MODELING IS NECESSARY FOR THE
CORRECT INTERPRETATION AND ANALYSIS OF DOMINANT NEGATIVE INHIBITION DATA IN INSULIN SIGNALING IN
PRIMARY HUMAN ADIPOCYTES IN PAPER Il WE USE MODELING TO DETERMINE TRANSPORT RATES ACROSS THE
NUCLEAR MEMBRANE IN YEAST CELLS AND WE SHOW HOW THIS TECHNIQUE IS SUPERIOR TO TRADITIONAL CURVE
FITTING METHODS WE ALSO DEMONSTRATE THE ISSUE OF POPULATION HETEROGENEITY AND THE NEED TO
ACCOUNT FOR INDIVIDUAL DIFFERENCES BETWEEN CELLS AND THE POPULATION AT LARGE IN PAPER IV WE USE
MATHEMATICAL MODELING TO REJECT THREE HYPOTHESES CONCERNING THE PHENOMENON OF FACILITATION IN
PYRAMIDAL NERVE CELLS IN RATS AND MICE WE ALSO SHOW HOW ONE SURVIVING HYPOTHESIS CAN EXPLAIN
ALL DATA AND ADEQUATELY DESCRIBE INDEPENDENT VALIDATION DATA FINALLY IN PAPER | WE DEVELOP A
METHOD FOR MODEL SELECTION AND DISCRIMINATION USING PARAMETRIC BOOTSTRAPPING AND THE COMBINATION
OF SEVERAL DIFFERENT EMPIRICAL DISTRIBUTIONS OF TRADITIONAL STATISTICAL TESTS WE SHOW HOW THE
EMPIRICAL LOG LIKELIHOOD RATIO TEST IS THE BEST COMBINATION OF TWO TESTS AND HOW THIS CAN BE
USED NOT ONLY FOR MODEL SELECTION BUT ALSO FOR MODEL DISCRIMINATION IN CONCLUSION MATHEMATICAL
MODELING IS A VALUABLE TOOL FOR ANALYZING DATA AND TESTING BIOLOGICAL HYPOTHESES REGARDLESS OF
THE UNDERLYING BIOLOGICAL SYSTEM FURTHER DEVELOPMENT OF MODELING METHODS AND APPLICATIONS ARE
THEREFORE IMPORTANT SINCE THESE WILL IN ALL LIKELIHOOD PLAY A CRUCIAL ROLE IN ALL FUTURE ASPECTS
OF BIOLOGY AND MEDICINE ESPECIALLY IN DEALING WITH THE BURDEN OF INCREASING AMOUNTS OF DATA THAT

IS MADE AVAILABLE WITH NEW EXPERIMENTAL TECHNIQUES ANV NDANDET AV MATEMATISKA VERKTYG HAR INOM
BIOLOGI OCH MEDICIN TRADITIONELLT SETT VARIT MINDRE UTBREDD J MF RT MED ANDRA MNEN INOM
NATURVETENSKAPEN S SOM FYSIK OCH KEMI ETT KAT BEHOV AV VERKTYG SOM DATABEHANDLING
BIOINFORMATIK STATISTIK OCH MATEMATISK MODELLERING HAR TR TT FRAM TACK VARE FRAMSTEG UNDER DE
SENASTE DECENNIERNA DESSA FRAMSTEG R DELVIS ETT RESULTAT AV UTVECKLINGEN AV STORSKALIGA
DATAINSAMLINGSTEKNIKER INOM ALLA OMR DEN AV BIOLOGI OCH MEDICIN S HAR DESSA DATA AVSL JAT EN

H G NIV AV INTERKONNEKTIVITET MELLAN KOMPONENTER VERKSAMMA P M NGA KONTROLLNIV ER OCH MED
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FLERA [P TerkoPPLINGAR BEl DE MELLAN ocH INOM VARE NIVE] AV konTRoLL TILLGE] NG TILL STORSKALIGA DATA
R EMELLERTID INTE SYNONYMT MED EN DETALJERAD MEkANISTISK FPl rsTP eLse FlPl R DET UNDERLIGGANDE
sYsTEMET SNARARE UPPNEl s eN Mekanisk FBI rsTP] eLse fll rsT NPl R VI BYGGER EN HYPOTES VARS PREDIKTIONER
VI KAN TESTA EXPERIMENTELLT ATT IDENTIFIERA INTRESSANTA PREDIKTIONER SOM [P] R AV KVANTITATIV NATUR
kRl VER GENERELLT SETT MATEMATISK MODELLERING DETTA kRl VER | SIN TUR ATT DET STUDERADE SYSTEMET
KAN FORMULERAS TILL EN MATEMATISK MODELL SPl soM EN SERiE ORDINPl RA DIFFERENTIALEKVATIONER DPl R OLIKA
HYPOTESER KAN UTTRYCKAS SOM PRECISA MATEMATISKA UTTRYCK SOM PPl VERKAR MODELLENS OUTPUT INOM
VISSA DELOMRP] DEN AV BIOLOGIN HAR UTNYTTJANDET AV MATEMATISKA MODELLER HAFT EN Ll NG TRADITION
sl SoM DEN MODELLERING GJORD INOM ELEKTROFYSIOLOGI AV HODGKIN OCH HUXLEY PPl 1950 TALET DET P R
eMELLERTID JusT PPl senare Pl R MED ANKOMSTEN AV FBl LTET SYSTEMBIOLOGI SOM MATEMATISK MODELLERING
HAR BLIVIT ETT VANLIGT INSLAG DEN NPl GoT LFl NGSAMMA ADAPTERINGEN AV MATEMATISK MODELLERING INOM
BIOLOGI R BL A GRUNDAD | HISTORISKA SKILLNADER | TRE| NING OCH TERMINOLOGI SAMT BRIST PP
MEDVETENHET OM EXEMPEL SOM ILLUSTRERAR HUR MODELLERING KAN GEl RA SKILLNAD OCH FAKTISKT OFTA [l R
ETT KkRAV FBI R EN KORREKT ANALYS AV EXPERIMENTELLA DATA | DETTA ARBETE TILLHANDAHE! LLER JAG SPl DANA
EXEMPEL OCH DEMONSTRERAR DEN MATEMATISKA MODELLERINGENS OCH HYPOTESTESTNINGENS ALLMEl NGILTIGHET
ocH TILLPl MPBARHET | TRE OLIKA BIOLOGISKA SYSTEM | ARBETE Il VISAR VI HUR MATEMATISK MODELLERING [ R
NEl vl npic FPl R EN KORREKT TOLKNING OCH ANALYS AV DOMINANT NEGATIV INHIBERINGSDATA VID
INSULINSIGNALERING | PRIME] RA HUMANA ADIPOCYTER | ARBETE Il ANVE] NDER VI MODELLERING FPl R ATT
BESTE] MMA TRANSPORTHASTIGHETER [l VER CELLKP] RNMEMBRANET 1| JP| STCELLER OCH VI VISAR HUR DENNA TEKNIK
R VERLPP] GSEN TRADITIONELLA KURVPASSNINGSMETODER VI DEMONSTRERAR ocksPl  FrEl Gan oM
POPULATIONSHETEROGENITET OCH BEHOVET AV ATT TA HE NSYN TILL INDIVIDUELLA SKILLNADER MELLAN CELLER
OCH BEFOLKNINGEN SOM HELHET | ARBETE IV ANV[E| NDER VI MATEMATISK MODELLERING FEl R ATT FPJ RKASTA TRE
HYPOTESER OM HUR FENOMENET FACILITERING UPPSTEl R | PYRAMIDALA NERVCELLER Hos RE] TTor ocH MEl ss wvi
visar ocksll HUrR EN ] VERLEVANDE HYPOTES KAN BESKRIVA ALL DATA INKLUSIVE OBEROENDE VALIDERINGSDATA
SLUTLIGEN UTVECKLAR VI | ARBETE | EN METOD F? R MODELLSELEKTION OCH MODELLDISKRIMINERING MED HIE] LP AV
PARAMETRISK BOOTSTRAPPING SAMT KOMBINATIONEN AV OLIKA EMPIRISKA FPP] RDELNINGAR AV TRADITIONELLA
STATISTISKA TESTER VI VISAR HUR DET EMPIRISKA LOG LIKELIHOOD RATIO TESTET R pDen BB sTa

KOMBINATIONEN AV TV TESTER OCH HUR TESTET R APPLICERBART INTE BARA F R MODELLSELEKTION UTAN

13 Explorations Of Mathematical Models In Biology With Matlab



ExpLorATIONS OF MATHEMATICAL MoDELS IN BioLogy WITH MATLAB

ocksPl  FPl R MODELLDISKRIMINERING SAMMANFATTNINGSVIS R MATEMATISK MODELLERING ETT V[ RDEFULLT
VERKTYG FPl R ATT ANALYSERA DATA OCH TESTA BIOLOGISKA HYPOTESER OAVSETT UNDERLIGGANDE BIOLOGISKT
SYSTEM VIDARE UTVECKLING AV MODELLERINGSMETODER ocH TILLEl mpningar [l R DBl rFPl R VIKTIGT EFTERSOM
DESSA SANNOLIKT KOMMER ATT SPELA EN AVGEl RANDE ROLL | FRAMTIDEN FPJ R BIoLOGI oCH MEDICIN SP| RsSkILT

NPl R DET GPl LLER ATT HANTERA BELASTNINGEN FRP] N [l kaAnDE DATAME! NGDER SoM BLIR TILLGEl NGLIG MED NYA

EXPERIMENTELLA TEKNIKER

YEAH, REVIEWING A BOOK EXPLORATIONS OF MopeLs IN BioLogy WiTH MATLAB PDF? THERE ARE

MATHEMATICAL MopeELS IN BioLogy WITH MATLAB SEVERAL WAYS TO CREATE A PDF:

COULD GO TO YOUR CLOSE LINKS LISTINGS. THIS IS 3. Use SOFTWARE LIKE ADOBE ACROBAT, MICROSOFT

W/ orp, orR GooGLE DoCS, WHICH OFTEN HAVE BUILT-IN
JUST ONE OF THE SOLUTIONS FOR YOU TO BE

PDF creaTION TooLs. PRINT To PDF: MANY
SUCCESSFUL. AsS UNDERSTOOD, FEAT DOES NOT

APPLICATIONS AND OPERATING SYSTEMS HAVE A “PRINT

RECOMMEND THAT YOU HAVE ASTOUNDING POINTS. ”
TO PDF” OPTION THAT ALLOWS YOU TO SAVE A

COMPREHENDING AS WITH EASE AS COVENANT EVEN DOCUMENT AS A PDF FILE INSTEAD OF PRINTING IT ON

MORE THAN OTHER WILL COME UP WITH THE MONEY PAPER. ONLINE CONVERTERS: THERE ARE VARIOUS ONLINE
FOR EACH SUCCESS. BORDERING TO, THE BROADCAST TOOLS THAT CAN CONVERT DIFFERENT FILE TYPES TO
PDF.

AS CAPABLY AS PERSPICACITY OF THIS

ExPLORATIONS OF MATHEMATICAL MODELS IN 4. How po | eDIT A ExPLORATIONS OF MATHEMATICAL

MobEeLs IN BioLogy WiTH MaTLAB PDF? EDITING A
BioLogy WITH MATLAB CAN BE TAKEN AS CAPABLY

PDF CAN BE DONE WITH SOFTWARE LIKE ADOBE
AS PICKED TO ACT.

ACROBAT, WHICH ALLOWS DIRECT EDITING OF TEXT,

1. WHAT 1s A ExpLorATIONS OF MATHEMATICAL MODELS IMAGES, AND OTHER ELEMENTS WITHIN THE PDF. SoMe
IN BioLogy WITH MATLAB PDF? A PDF (PoRTABLE FREE TooLS, LIKE PDFESCAPE OR SMALLPDF, ALSO OFFER
DOCUMENT FORMAT) IS A FILE FORMAT DEVELOPED BY BASIC EDITING CAPABILITIES.
ADOBE THAT PRESERVES THE LAYOUT AND FORMATTING 5 How DO | CONVERT A ExPLORATIONS OF

OF A DOCUMENT, REGARDLESS OF THE SOFTWARE, MATHEMATICAL MobDeLS IN BioLogy WIiTH MATLAB PDF

HARDWARE, OR OPERATING SYSTEM USED TO VIEW OR TO ANOTHER FILE FORMAT? THERE ARE MULTIPLE WAYS

PRINT IT. TO CONVERT A PDF TO ANOTHER FORMAT:

2. How po | creaTE A ExpPLORATIONS OF MATHEMATICAL
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10.

11.
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. USE ONLINE CONVERTERS LIKE SMALLPDF, ZAMZAR, OR

ADOBE ACROBATS EXPORT FEATURE TO CONVERT PDFs
TO FORMATS LIKE WoRrD, ExceL, JPEG, ETC. SOFTWARE
LIKE ADOBE ACROBAT, MICROSOFT W/ORD, OR OTHER

PDF EDITORS MAY HAVE OPTIONS TO EXPORT OR SAVE

PDFs IN DIFFERENT FORMATS.

. How po | PASSWORD-PROTECT A EXPLORATIONS OF

MATHEMATICAL MoDELS IN BioLoGgy WIiTH MATLAB PDF?
MosT PDF EDITING SOFTWARE ALLOWS YOU TO ADD
PASSWORD PROTECTION. IN ADOBE ACROBAT, FOR
INSTANCE, YOU CAN Go To “FiLe” -> “ProperTiES” ->
"SECURITY” TO SET A PASSWORD TO RESTRICT ACCESS

OR EDITING CAPABILITIES.

ARE THERE ANY FREE ALTERNATIVES TO ADOBE ACROBAT
FOR WORKING WITH PDFsP YES, THERE ARE MANY FREE

ALTERNATIVES FOR WORKING WITH PDFs, SUCH As:

LiBreOFrice: Orrers PDF EDITING FEATURES. PDFsaAM:
ALLOWS SPLITTING, MERGING, AND EDITING PDFs. FoxiT
ReADER: ProVIDES BASIC PDF VIEWING AND EDITING

CAPABILITIES.

How po | compress A PDF FILEP YouU CAN USE ONLINE
TOOLS LIKE SMALLPDF, ILoVvePDF, or DEskToP
SOFTWARE LIKE ADOBE ACROBAT TO COMPRESS PDF
FILES WITHOUT SIGNIFICANT QUALITY LOSS. COMPRESSION
REDUCES THE FILE SIZE, MAKING IT EASIER TO SHARE AND

DOWNLOAD.

CAN | FILL ouT ForMS IN A PDF FiLE? YES, MosT PDF
VIEWERS/EDITORS LIKE ADOBE ACROBAT, PREVIEW (on

MAC), OR VARIOUS ONLINE TOOLS ALLOW YOU TO FILL
OUT FORMS IN PDF FILES BY SELECTING TEXT FIELDS AND

ENTERING INFORMATION.

12. ARE THERE ANY RESTRICTIONS WHEN WORKING WITH
PDFs? Some PDFS MIGHT HAVE RESTRICTIONS SET BY
THEIR CREATOR, SUCH AS PASSWORD PROTECTION, EDITING
RESTRICTIONS, OR PRINT RESTRICTIONS. BREAKING THESE
RESTRICTIONS MIGHT REQUIRE SPECIFIC SOFTWARE OR
TOOLS, WHICH MAY OR MAY NOT BE LEGAL DEPENDING ON

THE CIRCUMSTANCES AND LOCAL LAWS.

HI TO NEWS.XYNO.ONLINE, YOUR DESTINATION FOR A
WIDE COLLECTION OF EXPLORATIONS OF
MATHEMATICAL MODELS IN BioLoGgYy WITH MATLAB
PDF eBooks. WE ARE DEVOTED ABOUT MAKING THE
WORLD OF LITERATURE ACCESSIBLE TO ALL, AND OUR
PLATFORM IS DESIGNED TO PROVIDE YOU WITH A

EFFORTLESS AND ENJOYABLE FOR TITLE EBook

GETTING EXPERIENCE.

AT NEWS.XYNO.ONLINE, OUR GOAL IS SIMPLE: TO
DEMOCRATIZE INFORMATION AND ENCOURAGE A LOVE
FOR LITERATURE EXPLORATIONS OF MATHEMATICAL
MobDELS IN BioLoGgy WITH MATLAB. WE BELIEVE
THAT EACH INDIVIDUAL SHOULD HAVE ADMITTANCE TO
SysTeMs STuby AND DesIGN ELiIAS M AwAD
EBOOKS, INCLUDING DIVERSE GENRES, TOPICS, AND
INTERESTS. BY OFFERING ExPLORATIONS OF
MATHEMATICAL MODELS IN BioLoGgy WITH MATLAB
AND A VARIED COLLECTION OF PDF eBooks, wEe AIM
TO ENABLE READERS TO INVESTIGATE, LEARN, AND

IMMERSE THEMSELVES IN THE WORLD OF LITERATURE.
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IN THE VAST REALM OF DIGITAL LITERATURE,
UNCOVERING SYSTEMS ANALYSIS AND DESIGN ELIAS
M AWAD REFUGE THAT DELIVERS ON BOTH CONTENT
AND USER EXPERIENCE IS SIMILAR TO STUMBLING UPON
A CONCEALED TREASURE. STEP INTO
NEWS.XYNO.ONLINE, EXPLORATIONS OF MATHEMATICAL
MobeLs IN BioLogy WiTH MATLAB PDF EBooK
DOWNLOADING HAVEN THAT INVITES READERS INTO A
REALM OF LITERARY MARVELS. IN THIS EXPLORATIONS
OF MATHEMATICAL MoDELS IN BioLoGgy WITH
MATLAB ASSESSMENT, WE WILL EXPLORE THE
INTRICACIES OF THE PLATFORM, EXAMINING ITS
FEATURES, CONTENT VARIETY, USER INTERFACE, AND

THE OVERALL READING EXPERIENCE IT PLEDGES.

AT THE CORE OF NEWS.XYNO.ONLINE LIES A DIVERSE
COLLECTION THAT SPANS GENRES, MEETING THE
VORACIOUS APPETITE OF EVERY READER. FROM
CLASSIC NOVELS THAT HAVE ENDURED THE TEST OF
TIME TO CONTEMPORARY PAGE-TURNERS, THE LIBRARY
THROBS WITH VITALITY. THE SYSTEMS ANALYSIS
AND DEeSIGN ELIAS M AWAD OF CONTENT IS
APPARENT, PRESENTING A DYNAMIC ARRAY OF PDF
EBOOKS THAT OSCILLATE BETWEEN PROFOUND

NARRATIVES AND QUICK LITERARY GETAWAYS.

ONE OF THE DISTINCTIVE FEATURES OF SYSTEMS
ANALYSIS AND DesIGN ELIAS M AWAD IS THE

COORDINATION OF GENRES, PRODUCING A SYMPHONY
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OF READING CHOICES. AS YOU EXPLORE THROUGH THE
SysTeMs ANALYSIS AND DesiGN ELias M AwAD,
YOU WILL COME ACROSS THE INTRICACY OF OPTIONS
— FROM THE SYSTEMATIZED COMPLEXITY OF SCIENCE
FICTION TO THE RHYTHMIC SIMPLICITY OF ROMANCE.
THIS ASSORTMENT ENSURES THAT EVERY READER,
IRRESPECTIVE OF THEIR LITERARY TASTE, FINDS
ExpLorRATIONS OF MATHEMATICAL MODELS IN
BioLoGgY WITH MATLAB WITHIN THE DIGITAL

SHEL VES.

IN THE DOMAIN OF DIGITAL LITERATURE, BURSTINESS
IS NOT JUST ABOUT DIVERSITY BUT ALSO THE JOY
OF DISCOVERY. ExPLORATIONS OF MATHEMATICAL
MobDELS IN BioLoGgy WITH MATLAB EXCELS IN THIS
INTERPLAY OF DISCOVERIES. REGULAR UPDATES ENSURE
THAT THE CONTENT LANDSCAPE IS EVER-CHANGING,
PRESENTING READERS TO NEW AUTHORS, GENRES, AND
PERSPECTIVES. THE SURPRISING FLOW OF LITERARY
TREASURES MIRRORS THE BURSTINESS THAT DEFINES

HUMAN EXPRESSION.

AN AESTHETICALLY APPEALING AND USER-FRIENDLY
INTERFACE SERVES AS THE CANVAS UPON WHICH
ExPLorRATIONS OF MATHEMATICAL MODELS IN
BioLogy WITH MATLAB PORTRAYS ITS LITERARY
MASTERPIECE. THE WEBSITE'S DESIGN IS A SHOWCASE
OF THE THOUGHTFUL CURATION OF CONTENT,

PRESENTING AN EXPERIENCE THAT IS BOTH VISUALLY
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ENGAGING AND FUNCTIONALLY INTUITIVE. THE BURSTS
OF COLOR AND IMAGES COALESCE WITH THE
INTRICACY OF LITERARY CHOICES, CREATING A

SEAMLESS JOURNEY FOR EVERY VISITOR.

THE DOWNLOAD PROCESS ON EXPLORATIONS OF
MATHEMATICAL MoDELS IN BioLoGgy WITH MATLAB
IS A SYMPHONY OF EFFICIENCY. THE USER IS
ACKNOWLEDGED WITH A SIMPLE PATHWAY TO THEIR
CHOSEN EBoOK. THE BURSTINESS IN THE DOWNLOAD
SPEED GUARANTEES THAT THE LITERARY DELIGHT IS
ALMOST INSTANTANEOUS. THIS EFFORTLESS PROCESS
MATCHES WITH THE HUMAN DESIRE FOR QUICK AND
UNCOMPLICATED ACCESS TO THE TREASURES HELD

WITHIN THE DIGITAL LIBRARY.

A KEY ASPECT THAT DISTINGUISHES NEWS.XYNO.ONLINE
IS ITS DEDICATION TO RESPONSIBLE EBOOK
DISTRIBUTION. THE PLATFORM VIGOROUSLY ADHERES
TO COPYRIGHT LAWS, GUARANTEEING THAT EVERY
DOWNLOAD SYSTEMS ANALYSIS AND DEesIGN ELias M
AWAD IS A LEGAL AND ETHICAL ENDEAVOR. THIS
COMMITMENT ADDS A LAYER OF ETHICAL INTRICACY,
RESONATING WITH THE CONSCIENTIOUS READER WHO

VALUES THE INTEGRITY OF LITERARY CREATION.

NEWS.XYNO.ONLINE DOESN'T JUST OFFER SYSTEMS
ANALYSIS AND DESIGN ELIAS M AWAD; IT FOSTERS

A COMMUNITY OF READERS. THE PLATFORM SUPPLIES
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SPACE FOR USERS TO CONNECT, SHARE THEIR
LITERARY JOURNEYS, AND RECOMMEND HIDDEN GEMS.
THIS INTERACTIVITY INFUSES A BURST OF SOCIAL
CONNECTION TO THE READING EXPERIENCE, LIFTING IT

BEYOND A SOLITARY PURSUIT.

IN THE GRAND TAPESTRY OF DIGITAL LITERATURE,
NEWS.XYNO.ONLINE STANDS AS A DYNAMIC THREAD
THAT INTEGRATES COMPLEXITY AND BURSTINESS INTO
THE READING JOURNEY. FROM THE NUANCED DANCE OF
GENRES TO THE SWIFT STROKES OF THE DOWNLOAD
PROCESS, EVERY ASPECT ECHOES WITH THE CHANGING
NATURE OF HUMAN EXPRESSION. IT'S NOT JUST A
SysTEMS ANALYSIS AND DesiGN ELIAS M AwAD
EBOOK DOWNLOAD WEBSITE; IT'S A DIGITAL OASIS
WHERE LITERATURE THRIVES, AND READERS BEGIN ON A

JOURNEY FILLED WITH PLEASANT SURPRISES.

W/E TAKE PRIDE IN CHOOSING AN EXTENSIVE LIBRARY
OF SYSTEMS ANALYSIS AND DesiGN ELIAs M AwAD
PDF eBooks, THOUGHTFULLY CHOSEN TO SATISFY
TO A BROAD AUDIENCE. WHETHER YOU'RE A FAN OF
CLASSIC LITERATURE, CONTEMPORARY FICTION, OR
SPECIALIZED NON-FICTION, YOU'LL FIND SOMETHING

THAT FASCINATES YOUR IMAGINATION.

NAVIGATING OUR WEBSITE IS A BREEZE. WE'VE
DEVELOPED THE USER INTERFACE WITH YOU IN MIND,

ENSURING THAT YOU CAN SMOOTHLY DISCOVER

Explorations Of Mathematical Models In Biology With Matlab



ExpLorATIONS OF MATHEMATICAL MoDELS IN BioLogy WITH MATLAB

SysTeMs ANALYSIS AND DEesIGN ELIAS M AwAD
AND GET SYSTEMS ANALYSIS AND DesiGN ELiaAs M
AwAD EBooks. OUR EXPLORATION AND
CATEGORIZATION FEATURES ARE USER-FRIENDLY, MAKING
IT STRAIGHTFORWARD FOR YOU TO LOCATE SYSTEMS

ANALYSIS AND DesiGN ELIAS M AwAD.

NEWS.XYNO.ONLINE IS DEDICATED TO UPHOLDING LEGAL
AND ETHICAL STANDARDS IN THE WORLD OF DIGITAL
LITERATURE. WE EMPHASIZE THE DISTRIBUTION OF
ExpLorRATIONS OF MATHEMATICAL MODELS IN
BioLogy WITH MATLAB THAT ARE EITHER IN THE
PUBLIC DOMAIN, LICENSED FOR FREE DISTRIBUTION, OR
PROVIDED BY AUTHORS AND PUBLISHERS WITH THE
RIGHT TO SHARE THEIR WORK. WE ACTIVELY
DISCOURAGE THE DISTRIBUTION OF COPYRIGHTED

MATERIAL WITHOUT PROPER AUTHORIZATION.

QUALITY: EACH EBOOK IN OUR INVENTORY IS
CAREFULLY VETTED TO ENSURE A HIGH STANDARD OF
QUALITY. WE AIM FOR YOUR READING EXPERIENCE TO

BE ENJOYABLE AND FREE OF FORMATTING ISSUES.

VARETY: WE REGULARLY UPDATE OUR LIBRARY TO
BRING YOU THE NEWEST RELEASES, TIMELESS
CLASSICS, AND HIDDEN GEMS ACROSS CATEGORIES.

THERE'S ALWAYS AN ITEM NEW TO DISCOVER.

COMMUNITY ENGAGEMENT: WE CHERISH OUR
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COMMUNITY OF READERS. ENGAGE WITH US ON SOCIAL
MEDIA, DISCUSS YOUR FAVORITE READS, AND
PARTICIPATE IN A GROWING COMMUNITY DEDICATED

ABOUT LITERATURE.

\WHETHER YOU'RE A ENTHUSIASTIC READER, A LEARNER
IN SEARCH OF STUDY MATERIALS, OR SOMEONE
EXPLORING THE REALM OF EBOOKS FOR THE VERY
FIRST TIME, NEWS.XYNO.ONLINE IS AVAILABLE TO
CATER TO SYSTEMS ANALYSIS AND DesiGN ELiaAs M
AWAD. FOLLOW US ON THIS READING JOURNEY, AND
ALLOW THE PAGES OF OUR EBOOKS TO TRANSPORT

YOU TO NEW REALMS, CONCEPTS, AND ENCOUNTERS.

WE COMPREHEND THE EXCITEMENT OF FINDING
SOMETHING NEW. THAT'S WHY WE REGULARLY
REFRESH OUR LIBRARY, ENSURING YOU HAVE ACCESS
To SYSTEMS ANALYSIS AND DesIGN ELIAS M AwAD,
RENOWNED AUTHORS, AND HIDDEN LITERARY
TREASURES. ON EACH VISIT, LOOK FORWARD TO
DIFFERENT OPPORTUNITIES FOR YOUR PERUSING
ExpLorATIONS OF MATHEMATICAL MODELS IN

BioLogy WITH MATLAB.

THANKS FOR CHOOSING NEWS.XYNO.ONLINE AS YOUR
TRUSTED ORIGIN FOR PDF EBoOOK DOWNLOADS.
DELIGHTED PERUSAL OF SYSTEMS ANALYSIS AND

DesiGN ELIAS M AwAD
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