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Abstract. Organizing question: How does relative entropy control probabilistic distinguisha-
bility? This packet fixes the mathematical scope and normalization, identifies the required proof
content, and provides a curated reading route. It is intended both for informed preference ranking
and for preparation after assignment.

At a glance

Status Alternate Round I topic
Setting Information theory on finite probability spaces
Primary tools Relative entropy, log-sum inequality, coarse-graining, convexity
Background Finite probability; single-variable calculus
Relative difficulty 2/4
Principal perspective Information theory and convergence to equilibrium

1. Why this topic may appeal to you

This alternate is a focused information-theoretic topic with a complete elementary proof. It explains
how an analytic entropy estimate becomes an operational probabilistic statement about events and
mixing.

2. Fixed conventions

For probability measures ν, µ on a finite set with µ(x) > 0, use natural logarithms and define

D(ν∥µ) =
∑

x

ν(x) log ν(x)
µ(x) , ∥ν − µ∥TV = 1

2
∑

x

|ν(x) − µ(x)|.

3. Principal theorem

Prove Pinsker’s inequality

∥ν − µ∥TV ≤
√

1
2D(ν∥µ).

Then deduce from
D(νt∥µ) ≤ e−αtD(ν0∥µ)
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that
∥νt − µ∥TV ≤ 1√

2
e−αt/2

√
D(ν0∥µ).

4. Required proof route

(1) Prove the log-sum inequality and use it to show relative entropy decreases under a two-set
coarse-graining.

(2) Let A = {x : ν(x) ≥ µ(x)} and prove ν(A) − µ(A) = ∥ν − µ∥TV.
(3) Reduce to Bernoulli parameters p = ν(A) and q = µ(A).
(4) By Taylor’s theorem and [p(1 − p)]−1 ≥ 4, prove

p log p

q
+ (1 − p) log 1 − p

1 − q
≥ 2(p − q)2.

5. Interpretation, exercises, and pitfalls

Explain total variation as the maximal discrepancy on an event and relative entropy as a nonsymmet-
ric information discrepancy. Exercises may check the two-point case, prove the event characterization
of total variation, or translate an entropy-decay rate into a mixing estimate. The orientation of
D(ν∥µ) matters; Pinsker is one-way; and changing the 1/2 convention in total variation changes the
constant.

6. Suggested reading route and attribution

(1) R. van Handel, Probability in High Dimension, Section 4.1, especially the discussion around pp.
80–82 of Pinsker and transportation-type inequalities (public course notes).

(2) I. Csiszar, “Information-type measures of difference of probability distributions and indirect
observations,” Studia Scientiarum Mathematicarum Hungarica 2 (1967), 299–318, for the broader
divergence framework and data-processing viewpoint.

7. Before the required consultation

Bring a completed one-page preparation document containing: the exact theorem statements; a
dependency map of the proof; the portion you will prove in full; planned examples; two exercises with
solutions; exact source locations; anticipated questions; and any point you do not yet understand.
The consultation is for resolving mathematical and expository issues, not for choosing a topic from
scratch.

8. AI-use disclosure

The preparation document must disclose any use of generative artificial-intelligence tools. Identify
the tool, the task for which it was used, material incorporated into the presentation, and how
mathematical assertions and references were independently verified. You remain responsible for
every statement in the talk.

This is an instructor-authored assignment guide, not a substitute for reading the listed sources. All
normalizations in the talk should agree with this packet unless a change is explicitly approved in
advance.

https://web.math.princeton.edu/~rvan/APC550.pdf
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