
Cambridge University Press & Assessment
978-0-521-21050-8 — The Nature of Mathematical Modeling
Neil Gershenfeld
Table of Contents
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Content s 

page x 

Preface x i 

1 Introductio n 1 

1.1 Selecte d Reference s 3 

Part One : Analytica l Model s 5 

2 Ordinar y Differentia l an d Differenc e Equation s 9 

2.1 Linea r Differentia l Equation s 9 

2.2 System s of Differentia l Equation s an d Norma l Mode s 1 2 

2.3 Laplac e Transform s 1 3 

2.4 Perturbatio n Expansion s 1 7 

2.5 Discret e Tim e Equation s 1 8 

2.6 z-Transform s 1 9 

2.7 Selecte d Reference s 2 1 

2.8 Problem s 2 2 

3 Partia l Differentia l Equation s 2 4 

3.1 Th e Origi n o f Partia l Differentia l Equation s 2 4 

3.2 Linea r Partia l Differentia l Equation s 2 6 

3.3 Separatio n o f Variables 2 7 

3.3.1 Rectangula r Coordinate s 2 8 

3.3.2 Cylindrica l Coordinate s 2 9 

3.3.3 Spherica l Coordinate s 3 1 

3.4 Transfor m Technique s 3 2 

3.5 Selecte d Reference s 3 3 

3.6 Problem s 3 3 

4 Variationa l Principle s 3 4 

4.1 Variationa l Calculu s 3 4 

4.1.1 Euler' s Equatio n 3 4 

4.1.2 Integral s an d Missin g Variables 3 6 

4.1.3 Constraint s an d Lagrang e Multiplier s 3 7 

v 

www.cambridge.org/9780521210508
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-21050-8 — The Nature of Mathematical Modeling
Neil Gershenfeld
Table of Contents
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

vi Contents 

4.2 Variationa l Problem s 3 8 

4.2.1 Optics : Fermat' s Principl e 3 8 

4.2.2 Analytica l Mechanics : Hamilton' s Principl e 3 8 

4.2.3 Symmetry : Noether' s Theore m 3 9 

4.3 Rigi d Bod y Motio n 4 0 

4.4 Selecte d Reference s 4 3 

4.5 Problem s 4 3 

5 Rando m System s 4 4 

5.1 Rando m Variable s 4 4 

5.1.1 Join t Distribution s 4 6 

5.1.2 Characteristi c Function s 4 8 

5.2 Stochasti c Processe s 5 0 

5.2.1 Distributio n Evolutio n Equation s 5 1 

5.2.2 Stochasti c Differentia l Equation s 5 5 

5.3 Rando m Numbe r Generator s 5 6 

5.3.1 Linea r Congruentia l 5 7 

5.3.2 Linea r Feedbac k 5 9 

5.4 Selecte d Reference s 6 0 

5.5 Problem s 6 0 

Par t Two : Numerica l Model s 6 3 

6 Finit e Differences : Ordinar y Differentia l Equation s 6 7 

6.1 Numerica l Approximation s 6 7 

6.2 Runge-Kutt a Method s 7 0 

6.3 Beyon d Runge-Kutt a 7 2 

6.4 Selecte d Reference s 7 6 

6.5 Problem s 7 6 

7 Finit e Differences : Partia l Differentia l Equation s 7 8 

7.1 Hyperboli c Equations : Waves 7 9 

7.2 Paraboli c Equations : Diffusion 8 1 

7.3 Ellipti c Equations : Boundar y Value s 8 4 

7.4 Selecte d Reference s 9 1 

7.5 Problem s 9 1 

8 Finit e Element s 9 3 

8.1 Weighte d Residual s 9 3 

8.2 Rayleigh-Rit z Variationa l Method s 9 9 

8.3 Selecte d Reference s 10 0 

8.4 Problem s 10 1 

9 Cellula r Automat a an d Lattic e Gase s 10 2 

9.1 Lattic e Gase s and Fluid s 10 3 

9.2 Cellula r Automat a an d Computin g 10 7 

www.cambridge.org/9780521210508
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-21050-8 — The Nature of Mathematical Modeling
Neil Gershenfeld
Table of Contents
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Contents vi i 

9.3 Selecte d Reference s 10 9 

9.4 Problem s 11 0 

Par t Three : Observationa l Model s 11 1 

10 Functio n Fittin g 11 5 

10.1 Mode l Estimatio n 11 6 

10.2 Leas t Square s 11 7 

10.3 Linea r Leas t Square s 11 8 

10.3.1 Singula r Valu e Decompositio n 11 9 

10.4 Nonlinea r Leas t Square s 12 2 

10.4.1 Levenberg-Marquard t Metho d 12 4 

10.5 Estimation , Fishe r Information , an d th e Cramer-Ra o Inequalit y ... . 12 5 

10.6 Selecte d Reference s 12 7 

10.7 Problem s 12 7 

11 Transform s 12 8 

11.1 Orthogona l Transform s 12 8 

11.2 Fourie r Transform s 12 9 

11.3 Wavelet s 13 1 

11.4 Principa l Component s 13 6 

11.5 Selecte d Reference s 13 8 

11.6 Problem s 13 8 

12 Architecture s 13 9 

12.1 Polynomial s 13 9 

12.1.1 Pad e Approximant s 13 9 

12.1.2 Spline s 14 1 

12.2 Orthogona l Function s 14 2 

12.3 Radia l Basis Function s 14 5 

12.4 Overridin g 14 7 

12.5 Curs e of Dimensionalit y 14 8 

12.6 Neura l Network s 15 0 

12.6.1 Bac k Propagatio n 15 2 

12.7 Regularizatio n 15 3 

12.8 Selecte d Reference s 15 5 

12.9 Problem s 15 5 

13 Optimizatio n an d Searc h 15 6 

13.1 Multidimensiona l Searc h 15 7 

13.2 Loca l Minim a 16 1 

13.3 Simulate d Annealin g 16 2 

13.4 Geneti c Algorithm s 16 4 

13.5 Th e Blessin g of Dimensionalit y 16 6 

www.cambridge.org/9780521210508
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-21050-8 — The Nature of Mathematical Modeling
Neil Gershenfeld
Table of Contents
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

viii Contents 

13.6 Selecte d Reference s 16 7 

13.7 Problem s 16 8 

14 Clusterin g an d Densit y Estimatio n 16 9 

14.1 Histogramming , Sorting , an d Tree s 16 9 

14.2 Fittin g Densitie s 17 2 

14.3 Mixtur e Densit y Estimatio n an d Expectation-Maximizatio n 17 4 

14.4 Cluster-Weighte d Modelin g 17 8 

14.5 Selecte d Reference s 18 5 

14.6 Problem s 18 5 

15 Filterin g an d Stat e Estimatio n 18 6 

15.1 Matche d Filter s 18 6 

15.2 Wiene r Filter s 18 7 

15.3 Kalma n Filter s 18 9 

15.4 Nonlinearit y an d Entrainmen t 19 5 

15.5 Hidde n Marko v Model s 19 7 

15.6 Selecte d Reference s 20 3 

15.7 Problem s 20 3 

16 Linea r an d Nonlinea r Tim e Serie s 20 4 

16.1 Linea r Tim e Serie s 20 5 

16.2 Th e Breakdow n o f Linea r System s Theor y 20 7 

16.3 State-Spac e Reconstructio n 20 8 

16.4 Characterizatio n 21 3 

16.4.1 Dimension s 21 4 

16.4.2 Lyapuno v Exponent s 21 6 

16.4.3 Entropie s 21 7 

16.5 Forecastin g 22 0 

16.6 Selecte d Reference s 22 4 

16.7 Problem s 22 4 

Appendix 1  Graphica l an d Mathematica l Softwar e 22 5 

Al. l Mat h Package s 22 6 

Al.1. 1 Programmin g Environment s 22 6 

Al.1. 2 Interactiv e Environment s 22 8 

A1.2 Graphic s Tool s 23 0 

Al.2. 1 Postscrip t 23 0 

Al.2. 2 X  Window s 23 4 

Al.2. 3 OpenG L 24 0 

Al.2. 4 Jav a 24 4 

A1.3 Problem s 24 9 

Appendix 2  Networ k Programmin g 25 0 

A2.1 OSI , TCP/IP , an d Al l Tha t 25 0 

www.cambridge.org/9780521210508
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-21050-8 — The Nature of Mathematical Modeling
Neil Gershenfeld
Table of Contents
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Contents i x 

A2.2 Socke t I/ O 25 1 

A2.3 Paralle l Programmin g 25 4 

Appendix 3  Benchmarkin g 25 7 

Appendix 4  Proble m Solution s 25 9 

A4.1 Introductio n 25 9 

A4.2 Ordinar y Differentia l an d Differenc e Equation s 25 9 

A4.3 Partia l Differentia l Equation s 26 6 

A4.4 Variationa l Principle s 26 9 

A4.5 Rando m System s 27 1 

A4.6 Finit e Differences : Ordinar y Differentia l Equation s 27 6 

A4.7 Finit e Differences : Partia l Differentia l Equation s 28 1 

A4.8 Finit e Element s 28 9 

A4.9 Cellula r Automat a an d Lattic e Gase s 29 2 

A4.10 Functio n Fittin g 30 2 

A4.l l Transform s 30 5 

A4.12 Architecture s 30 9 

A4.13 Optimizatio n an d Searc h 31 5 

A4.14 Clusterin g an d Densit y Estimatio n 31 9 

A4.15 Filterin g an d Stat e Estimatio n 32 3 

A4.16 Linear an d Nonlinea r Tim e Serie s 32 5 

Bibliography 33 0 

Index 34 0 

www.cambridge.org/9780521210508
www.cambridge.org

