                          CONTENTS

Preface and Summary

Preface ..........................................................v
Executive Summary.................................................1

Chapter 1

1   The Impact of Biology on Mathematics .........................7
    1.1  Accomplishments of the Past ............................12
         1.1.1  Statistics and Stochastic Processes..............12
         1.1.2  Dynamical Systems Theory.........................16
         1.1.3  Nonlinear Partial Differential and
                Functional Equations.............................19
         1.1.4  Classical Analysis...............................21
         1.1.5  Topology and Geometry............................23
    1.2  Grand Challenges........................................24

Chapter 2

2   The Impact of Mathematics on Cellular and Molecular Biology .27
    2.1  Accomplishments of the Past.............................28
         2.1.1  DNA Structure....................................28
         2.1.2  Macromolecular Sequences.........................30
         2.1.3  Genetic Mapping..................................31
         2.1.4  Cell Motility....................................32
         2.1.5  Structural Biology...............................32
    2.2  Grand Challenges........................................34
         2.2.1  Structural Analysis of Macromolecules............35
         2.2.2  Molecular Dynamics Simulation....................36
         2.2.3  Drug Design......................................37
         2.2.4  Nucleic Acid Sequence and
                Structural Analyses of Nucleic Acids.............38
         2.2.5  Structural Analysis of Cells.....................39

Chapter  3

3   The Impact of Mathematics on Organismal Biology..............41
    3.1  Accomplishments of the Past.............................41
    3.2  Grand Challenges........................................43
         3.2.1  Complex Hierarchical Biological Systems..........43
                  Neuroscience...................................44
                  Immunology.....................................48
                  Genomic regulatory networks....................51

                  Developmental biology..........................53
         3.2.2  Dynamic Aspects of Structure-Function
                Relationships....................................56

Chapter 4

4   The Impact of Mathematics on Ecology and
    Evolutionary Biology.........................................60
    4.1  Accomplishments of the Past.............................62
         4.1.1  The Synthesis of Population Genetics and
                Evolutionary Biology.............................63
         4.1.2  Autecology.......................................64
         4.1.3  Population Biology...............................65
         4.1.4  Epidemiology of Infectious Diseases..............67
         4.1.5  Fisheries Management.............................68
         4.1.6  Community and Ecosystem Processes................68
    4.2  Grand Challenges........................................70
         4.2.1  Global Change....................................71
         4.2.2  Molecular Evolution..............................71
         4.2.3  The Problem of Scale.............................73

Chapter 5

5   Modes and Levels of Support..................................77
    5.1  Research Support........................................77
    5.2  Infrastructure..........................................78
    5.3  Training................................................78
         5.3.1  Precollege and Undergraduate Education...........78
         5.3.2  Graduate and Postdoctoral Training...............79
         5.3.3  Senior Established Investigators.................80
    5.4  Human Resources.........................................80

References.......................................................82

Appendices

Appendix 1      Steering Committee

Appendix 2      List of Workshop Attendees

Appendix 3      Research Opportunities in Computational Biology

Appendix 4      Training Computational and Mathematical Biologists

.