Nonparametric
Function Estimation,
Modeling, and

Simulation

James R. Thompson

Richard A. Tapia

SIdIM.

Society for Industrial and Applied Mathematics « Philadelphia




Contents

PREFACE

CHAPTER 1. Historical Background

1.1. Moses as Statistician

1.2. The Haberdasher and the “Histogram”

1.3. The Pearson Distributions

1.4. Density Estimation by Classical Maximum Likelihood

CHAPTER 2. Approaches to Nonparametric Density Fstimation

2.1. The Normal Distribution as Universal Density
2.2. The Johnson Family of Distributions

2.3 The Symmetric Stable Distributions

2.4. Series Estimators

2.5. Kernel Estimators

CHAPTER 3. Mazimum Likelihood Density Estimation

v

3.1. Maximum Likelihood Estimators
3.2. The Histogram as a Maximum Likelihood Estimator
3.3. The Infinite Dimensional Case

CHAPTER 4. Mazimum Penalized Likelihood Density
Estimation

4.1. Maximum Penalized Likelihood Estimators
4.2. The de Montricher-Tapia-Thompson Estimator
4.3. The First Estimator of Good and Gaskins

4.4. The Second Estimator of Good and Gaskins

CHAPTER 5. Discrete Mazimum Penalized Likelihood Density
Estimation

5.1. Discrete Maximum Penalized Likelihood Estimators
5.2. Consistency Properties of the DMPLE
5.3. Numerical Implementation and Monte Carlo Simulation

vii

X1

CO UT N [l

24
30
33
36
44

92

92
95
99

102

102
106
108
114

121

121
124
129



viil CONTENTS

CHAPTER 6. Nonparametric Density FEstimation in Higher

Dimensions 146
6.1. Graphical Considerations 146
6.2. Resampling Algorithms based on Some Nonparametric Density
) Estimators 154
6.3. The Search for Modes in High Dimensions 161
6.4. Appropriate Density Estimators in Higher Dimensions 177
CHAPTER 7. Nonparametric Regression and Intensity Function
Estimation 186
7.1. Nonparametric Regression 186
7.2. Nonparametric Intensity Function Estimation 197
CHAPTER 8. Model Building: Speculative Data Analysis 214
8.1. Modeling the Progression of Cancer 214
8.2. SIMEST: A Simulation Based Algorithm for Parameter

Estimation : 220
8.3. Adjuvant Chemotherapy: An Oncological Example with Skimpy

Data 227
8.4. Modeling the AIDS Epidemic ' 233
8.5. Does Noise Prevent Chaos? 244
APPENDIX 1. An Introduction to Mathematical Optimization
Theory 253
I.1. Hilbert Space 253
[.2. Reproducing Kernel Hilbert Spaces 259
1.3. Convex Functionals and Differential Characterizations 261
1.4. Existence and Uniqueness of Solutions for Optimization Problems

in Hilbert Space 267
1.5. Lagrange Multiplier Necessity Conditions 270
APPENDIX II. Numerical Solution of Constrained Optimization
Problems 273
I1.1. The Diagonalized Multiplier Method 273

I1.2. Optimization Problems with Nonnegativity Constraints 277




CONTENTS

APPENDIX III. Optimization Algorithms for Noisy Problems

II1.1. The Nelder-Mead Approach
IT1.2. An Algorithm Based on the Rotatable Designs of Box
and Hunter

APPENDIX IV. A Brief Primer in Simulation

IV.1. Introduction
IV.2. Random Number Generation
IV.3. Testing for “Randomness”

INDEX

ix
279
279

283

287

287
289
295

299



