This is page viii Printer: Opaque this

Contents

Preface vi

1 Introduction 1 1.1 Aims . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.2 Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1.3 Motivating Examples . . . . . . . . . . . . . . . . . . . . 4 1.4 The Bayesian Paradigm . . . . . . . . . . . . . . . . . . . 14 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2 Markov Chain Monte Carlo Sampling 19 2.1 Gibbs Sampler . . . . . . . . . . . . . . . . . . . . . . . . 20 2.2 Metropolis–Hastings Algorithm . . . . . . . . . . . . . . 23 2.3 Hit-and-Run Algorithm . . . . . . . . . . . . . . . . . . . 26 2.4 Multiple-Try Metropolis Algorithm . . . . . . . . . . . . 30 2.5 Grouping, Collapsing, and Reparameterizations . . . . . 31 2.5.1 Grouped and Collapsed Gibbs . . . . . . . . . . . 31 2.5.2 Reparameterizations: Hierarchical Centering and Rescaling . . . . . . . . . . . . . . . . . . . . . . . 34 2.5.3 Collapsing and Reparameterization for Ordinal Response Models . . . . . . . . . . . . . . . . . . . . 35 2.5.4 Hierarchical Centering for Poisson Random Effects Models . . . . . . . . . . . . . . . . . . . . . . . . 40 2.6 Acceleration Algorithms for MCMC Sampling . . . . . . 42

2.6.1 Grouped Move and Multigrid Monte Carlo Sampling . . . . . . . . . . . . . . . . . . . . . . . . . 43 2.6.2 Covariance-Adjusted MCMC Algorithm . . . . . 45 2.6.3 An Illustration . . . . . . . . . . . . . . . . . . . 47 2.7 Dynamic Weighting Algorithm . . . . . . . . . . . . . . . 52 2.8 Toward “Black-Box” Sampling . . . . . . . . . . . . . . . 55 2.9 Convergence Diagnostics . . . . . . . . . . . . . . . . . . 59 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

3 Basic Monte Carlo Methods for Estimating Posterior Quantities 67 3.1 Posterior Quantities . . . . . . . . . . . . . . . . . . . . . 67 3.2 Basic Monte Carlo Methods . . . . . . . . . . . . . . . . 68 3.3 Simulation Standard Error Estimation . . . . . . . . . . 71 3.3.1 Time Series Approach . . . . . . . . . . . . . . . 71 3.3.2 Overlapping Batch Statistics . . . . . . . . . . . . 73 3.4 Improving Monte Carlo Estimates . . . . . . . . . . . . . 77 3.4.1 Variance-Reduction MCMC Sampling . . . . . . . 77 3.4.2 Weighted Monte Carlo Estimates . . . . . . . . . 81 3.5 Controlling Simulation Errors . . . . . . . . . . . . . . . 86 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

4 Estimating Marginal Posterior Densities 94 4.1 Marginal Posterior Densities . . . . . . . . . . . . . . . . 95 4.2 Kernel Methods . . . . . . . . . . . . . . . . . . . . . . . 97 4.3 IWMDE Methods . . . . . . . . . . . . . . . . . . . . . . 98 4.4 Illustrative Examples . . . . . . . . . . . . . . . . . . . . 104 4.5 Performance Study Using the Kullback–Leibler Divergence 107 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

5 Estimating Ratios of Normalizing Constants 124 5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 124 5.2 Importance Sampling . . . . . . . . . . . . . . . . . . . . 125 5.2.1 Importance Sampling–Version 1 . . . . . . . . . . 126 5.2.2 Importance Sampling–Version 2 . . . . . . . . . . 126 5.3 Bridge Sampling . . . . . . . . . . . . . . . . . . . . . . . 127 5.4 Path Sampling . . . . . . . . . . . . . . . . . . . . . . . . 129 5.4.1 Univariate Path Sampling . . . . . . . . . . . . . 130 5.4.2 Multivariate Path Sampling . . . . . . . . . . . . 131 5.4.3 Connection Between Path Sampling and Bridge Sampling . . . . . . . . . . . . . . . . . . . . . . . 132 5.5 Ratio Importance Sampling . . . . . . . . . . . . . . . . 132 5.5.1 The Method . . . . . . . . . . . . . . . . . . . . . 132

5.5.2 Implementation . . . . . . . . . . . . . . . . . . . 135 5.6 A Theoretical Illustration . . . . . . . . . . . . . . . . . . 138 5.7 Computing Simulation Standard Errors . . . . . . . . . . 143 5.8 Extensions to Densities with Different Dimensions . . . . 145 5.8.1 Why Different Dimensions? . . . . . . . . . . . . 145 5.8.2 General Formulation . . . . . . . . . . . . . . . . 146 5.8.3 Extensions of the Previous Monte Carlo Methods 147 5.8.4 Global Optimal Estimators . . . . . . . . . . . . . 149 5.8.5 Implementation Issues . . . . . . . . . . . . . . . 152 5.9 Estimation of Normalizing Constants After Transformation 160 5.10 Other Methods . . . . . . . . . . . . . . . . . . . . . . . 161 5.10.1 Marginal Likelihood Approach . . . . . . . . . . . 162 5.10.2 Reverse Logistic Regression . . . . . . . . . . . . 163 5.10.3 The Savage–Dickey Density Ratio . . . . . . . . . 164 5.11 An Application of Weighted Monte Carlo Estimators . . 165 5.12 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 172 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . 173 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

6 Monte Carlo Methods for Constrained Parameter Problems 191 6.1 Constrained Parameter Problems . . . . . . . . . . . . . 191 6.2 Posterior Moments and Marginal Posterior Densities . . 193 6.3 Computing Normalizing Constants for Bayesian Estimation 196 6.4 Applications . . . . . . . . . . . . . . . . . . . . . . . . . 199 6.4.1 The Meal, Ready-to-Eat (MRE) Model . . . . . . 199 6.4.2 Job Satisfaction Example . . . . . . . . . . . . . . 205 6.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 208 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . 208 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

7 Computing Bayesian Credible and HPD Intervals 213 7.1 Bayesian Credible and HPD Intervals . . . . . . . . . . . 214 7.2 Estimating Bayesian Credible Intervals . . . . . . . . . . 216 7.3 Estimating Bayesian HPD Intervals . . . . . . . . . . . . 218 7.3.1 An Order Statistics Approach . . . . . . . . . . . 219 7.3.2 Weighted Monte Carlo Estimation of HPD Intervals 220 7.4 Extension to the Constrained Parameter Problems . . . 221 7.5 Numerical Illustration . . . . . . . . . . . . . . . . . . . . 223 7.5.1 A Simulation Study . . . . . . . . . . . . . . . . . 223 7.5.2 Meal, Ready-to-Eat (MRE) Data Example . . . . 224 7.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 226 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . 227 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 232

8 Bayesian Approaches for Comparing Nonnested Models 236 8.1 Marginal Likelihood Approaches . . . . . . . . . . . . . . 237 8.1.1 The Method . . . . . . . . . . . . . . . . . . . . . 237 8.1.2 Computation . . . . . . . . . . . . . . . . . . . . 237 8.2 Scale Mixtures of Multivariate Normal Link Models . . . 239 8.2.1 The Models . . . . . . . . . . . . . . . . . . . . . 240 8.2.2 Prior Distributions and Posterior Computations . 242 8.2.3 Model Comparison . . . . . . . . . . . . . . . . . 245 8.2.4 Item Response Data Example . . . . . . . . . . . 249 8.3 “Super-Model” or “Sub-Model” Approaches . . . . . . . 250 8.4 Criterion-Based Methods . . . . . . . . . . . . . . . . . . 252 8.4.1 The L Measure . . . . . . . . . . . . . . . . . . . 253 8.4.2 The Calibration Distribution . . . . . . . . . . . . 256 8.4.3 Breast Cancer Data Example . . . . . . . . . . . 259 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 263

9 Bayesian Variable Selection 267 9.1 Variable Selection for Logistic Regression Models . . . . 268 9.1.1 Model and Notation . . . . . . . . . . . . . . . . 268 9.1.2 The Prior Distributions . . . . . . . . . . . . . . . 269 9.1.3 A Generalization of the Priors . . . . . . . . . . . 270 9.1.4 Choices of Prior Parameters . . . . . . . . . . . . 272 9.1.5 Prior Distribution on the Model Space . . . . . . 273 9.1.6 Computing Prior and Posterior Model Probabilities 275 9.2 Variable Selection for Time Series Count Data Models . 282 9.2.1 The Likelihood Function . . . . . . . . . . . . . . 283 9.2.2 Prior Distributions for β^{(m)} . . . . . . . . . . . . 284 9.2.3 Prior Distribution on the Model Space . . . . . . 286 9.2.4 Sampling from the Posterior Distribution . . . . . 287 9.2.5 Computation of Posterior Model Probabilities . . 289 9.3 Stochastic Search Variable Selection . . . . . . . . . . . . 293 9.4 Bayesian Model Averaging . . . . . . . . . . . . . . . . . 297 9.5 Reversible Jump MCMC Algorithm for Variable Selection 300 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . 303 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 304

10 Other Topics 307 10.1 Bayesian Model Adequacy . . . . . . . . . . . . . . . . . 307 10.1.1 Predictive Approach . . . . . . . . . . . . . . . . 307 10.1.2 Latent Residual Approach . . . . . . . . . . . . . 315 10.2 Computing Posterior Modes . . . . . . . . . . . . . . . . 320 10.2.1 Lindley–Smith Optimization . . . . . . . . . . . . 320 10.2.2 Stochastic Approximation . . . . . . . . . . . . . 323 10.3 Bayesian Computation for Proportional Hazards Models 326 10.3.1 Model . . . . . . . . . . . . . . . . . . . . . . . . 326

10.3.2 Prior Distribution for h_b(·) . . . . . . . . . . . . . 326 10.3.3 The Likelihood Function . . . . . . . . . . . . . . 328 10.3.4 Prior Distribution for the Regression Coefficients 329 10.3.5 Sampling from the Posterior Distribution . . . . . 330 10.4 Posterior Sampling for Mixture of Dirichlet Process Models 334 10.4.1 Conjugate MDP Models . . . . . . . . . . . . . . 336 10.4.2 Nonconjugate MDP Models . . . . . . . . . . . . 337 10.4.3 MDP in Normal Random Effects Models . . . . . 338 10.4.4 MDP for Generalized Linear Mixed Models . . . 341 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

References 356

Author Index 375

Subject Index 381