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ABSTRACT

ABSTRACT SUMMARY:

This dissertation presents a comprehensive investigation into novel adaptive mcmc samplers &

high-dimensional bayesian inference. We detail theoretical foundations, execute simulation studies, and

validate results on real health data.



CHAPTER 1: GENERAL INTRODUCTION

THEORETICAL MOTIVATION:

High-dimensional Bayesian posterior inference presents severe computational bottlenecks for standard

Random-Walk Metropolis-Hastings algorithms due to covariance mismatch.

DOCTORAL RESEARCH OBJECTIVES:

1. Formulate an adaptive proposal covariance scheme.

2. Prove ergodicity under diminishing adaptation conditions.

3. Implement open-source R algorithms.



CHAPTER 3: METHODOLOGICAL FORMULATION

PROPOSED ADAPTIVE SAMPLER:

We propose the Haario-scaled Adaptive Metropolis sampler where proposal covariance S_t updates

dynamically using historical chain state history.

MATHEMATICAL DERIVATION:

S_t = s_d * (Cov(X_0, ..., X_{t-1}) + eps * I_d), where s_d = 2.4^2 / d is the optimal scaling constant.



CHAPTER 4: THEORETICAL ERGODICITY PROOF

THEOREM 1 (ERGODIC CONVERGENCE):

Under geometric ergodicity of the target distribution and diminishing adaptation limits lim_{t -> inf} ||S_t -

S_{t-1}|| = 0, the empirical distribution converges weakly to target density pi(x).

PROOF OUTLINE:

Standard martingale transition kernel decomposition following Roberts & Rosenthal (2007).



CHAPTER 5: MONTE CARLO SIMULATION EXPERIMENTS

SIMULATION BENCHMARK:

Evaluated across 100-dimensional Gaussian, multimodal mixture, and heavy-tailed Student-t targets.

RESULTS:

The proposed adaptive sampler achieved an effective sample size (ESS) 4.2x higher than standard

Random-Walk Metropolis.
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