Stat 540: Statistical Computing

MWF: 2:30-3:20 110 Borland
Professor: Naomi Altman http://www.stat.psu.edu/people/faculty/altman.html

prerequisites: course covering MLE, regression, matrix algebra

Some useful concepts in computing
bits and machine accuracy recursion
sorting

Computing for Point Estimation = optimization and finding zeroes
least squares (and other loss functions)
maximum likelihood, quasi-likelihood and GEEs
posterior mean, mode, etc

Numerical Matrix Algebra for Optimization and Finding Zeroes

LU SVD
Choleski QR
partitioned matrices sparsity
Optimization
Graphical and search methods Newton-Raphson and friends
Derivative-free methods EM
heuristic search methods constraints

what is convergence?

Singularity and Regularization
singularity, multicollinearity and related ideas
regularization as a numerical technique
constrained optimization and Lagrange multipliers
regularization as a statistical method
ridge regression penalization
shrinkage and EB Bayesian methods

Function Estimation
nonparametric smoothing
kernel window methods
vector space basis methods
penalized (quasi-)likelihood methods
smoothing parameter selection

Statistical Inference
confidence intervals test statistics and null distributions
Bayesian posteriors



Generating Random Numbers (classical)
generating random uniforms (and why it matters)
using IIT (including Box-Muller)
using histograms/tables
the accept/reject method

Generating Random Numbers (modern)
MCMC and stationary distributions
Gibbs sampling
Metropolis-Hastings
generating Cls and posterior distributions

Randomization tests and CIs
exchangeability
generating permutations (possibly with constraints)
the relationship between tests and Cls

Bootstrap distributions
empirical distribution nonparametric bootstrap
smooth nonparametric bootstrap parametric bootstrap
semiparametric bootstrap

Bootstrap Inference
naive Cls Bootstrap-t
Pivots Bootstrap tests

Computational issues
speeding things up (and does it matter?)
HPC
maintainable code
R, Matlab and computational speed

The grade will be based on several homework assignments and a computing project.
(TBA)
Text: TBA



