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ABSTRACT

ABSTRACT SUMMARY:

This dissertation presents a comprehensive investigation into monte carlo integration & r package
implementation for rare events. We detail theoretical foundations, execute simulation studies, and validate
results on real health data.



CHAPTER 1: INTRODUCTION

COMPUTATIONAL PROBLEM:
Standard Monte Carlo integration requires impractically large sample sizes (N > 10°7) to estimate rare tail event
probabilities P(X > x) < 10"-5.

THESIS OBJECTIVES:

1. Formulate an adaptive importance sampling estimator.

2. Execute a Monte Carlo simulation study comparing variance reduction.
3. Release an open-source R package.



CHAPTER 3: MATHEMATICAL METHODOLOGY

ESTIMATOR DERIVATION:
Let | = E_f[h(X)]. We propose proposal density g*(x) = [h(x)| f(x) / I. The importance sampling estimator I_hat =
(1/N) sum(h(X_i) f(X_i) / g(X_i)) is un-biased with minimal variance.



CHAPTER 4: MONTE CARLO SIMULATION STUDY

EXPERIMENT SETUP:
Compared Raw Monte Carlo, Antithetic Variates, and Proposed Adaptive Importance Sampler across N = 103
to 1076 draws.

RESULTS:
Proposed sampler achieved a 94.2% variance reduction and cut standard error by 4.1x.



CHAPTER 6: R PACKAGE IMPLEMENTATION

PACKAGE STRUCTURE:

The algorithm is packaged in R package ‘rareeventr’.
- Function “importance_sim()": Main sampler interface.
- Unit tests: 100% test coverage using “testthat'.

- Vignettes: Worked reproducible case studies.



INTERACTIVE STUDENT CHECKLIST: CAN YOU LOCATE...?

MAHE DDS 6106: Statistical Research Methodology | Active Self-Assessment

Before closing this paper, test your ability to locate these 10 core research components:

- 1. Research Problem & Gap -

Where do the authors explicitly state what previous studies failed to solve?

- 2. Research Question & Objectives -

Where is the primary study aim or formal statistical hypothesis stated?

- 3. Study Design & Target Population -

Is this an RCT, Cohort, Case-Control, Cross-Sectional, or Methodological design?

- 4. Variables & Primary Outcome -
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Which software packages (R, SAS, Python) and tests (ANOVA, Cox, Logistic) were used?
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