Stat 669a :
Information and Statistics

Instructors: Andrew Darron, Molshay Madiman. Use firstname. lastnamefyale.eduo to
contact either of us.

Class Time: A:00 5:15 p.m., Toesday and Thunsday.
Class Location: Room 107, 24 Hillhowse Ave.

Grading: One problem will be sssipned for each class meeting.  Class partieipants are
expected to partiapate i solving these problems at the beginmng of the next class, sinee the
problem will be relevant to the content being covered. [If you are taking the course for eredit,
vim are expected to have worked the problem beforehand rather than making imprompta
attempts on the board |

You can optionally choose to present & review of a paper covernng an important develop-
ment in the field at the end of the semester; the cholice of paper needs to be discussed with
and approved by the mstructors before November 16.

Course Description: Study of the pivotal role that information theory plays inillnminating
moddern statistics. Topies mnchude the equivalence of data compression and statistical modeling
(from the Shannon, universal coding, and Kolmogorov viewpoints), and its relationship to
the minimum deseription length prnneiple; and clean nsk bounds for complex estimation
seemarios based on an mdex of resolvability. (Other posable topees melude varons  aspects
of hypothesis testing (Hxed and sequential tests, error exponents, multiple testing); and
the arbitrary sequence approach to on-line learning with applications to prediction, data
compression and portfolio selection.

Prerequisites: Prior exposure to probability theory and basie statistical inference 15 as-
sumed. Messure-theoretic probability might be occasionally useful, but 15 not essential. Yoo
do not need to know any information theory (although prior background will, of course, enrich

your learning experience ).



1 More about the course

Welcome to STAT 669, “Information and Statistics™. This 15 a research-orented

course primarily for praduate students, meant to be somewhat fexible and adapt sommewhat
tir the interests and preferred pace of the participants. There 15 no textbook, and moch of

the material will be drawn from papers wrtten m the last decade. The major theme of the
courses 1% the pivotal role that imformation theory plays i illommating modern statistes.

Approximate outline:

Foundations: The equivalence of data compression and statistical modeling (from the Shan-
non, universal coding, and Kolmogorov viewpoints), amd its relationship to the minimimmn

description length (MDL) principle.

Flemble funciion fitfing: Hlustrated via several settings imcluding projection pursmt regres-
sion, neural nets, MARS, MAPS, MART, and function apereeation.  Varnous alporithms.
Rizk analysis, emphasizing: the role of dimension and complexaty, and bounds wsing the index
of resolvabahity.

Mumar rales for function eshinabon: Via Fano's inequality, and via total redundancy. If
time permits, connections with distortion-rate theory.

MDD remstied: Density estimation formulation, Resanen theory, mmimm complexity den-
sity estimation, mformation projection, clean risk bounds, mixture models, greedy alporithms,

information theoretic foundation of Baves procedures.

Possable adduional topes



