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Exercise 1. Verify the claim that H(p) > m for every m ≥ 1 from
Example 1 in Lecture 4 .

Exercise 2. (This exercise gives a version of Jensen’s inequality):
Suppose that f is a convex function on (0,∞) and d ∈ N. Show that for
t1, t2 . . . td ∈ (0,∞) and λ1, λ2, . . . , λd ∈ [0, 1] satisfying λ1 + · · ·+λd =
1, the following holds

f(λ1t1 + · · ·λdtd) ≤ λ1f(t1) + · · ·λdf(td).

Exercise 3. (i) Prove Lemma 3.6 in [1]. (Hint: Use exercise 2.)
(ii) Use part (i) to give another proof of the joint convexity of the

relative entropy, see Theorem 3.7 in [1].
(iii) Show Gibb’s inequality: given a finite non-empty alphabet Σ

and p, q ∈ P(Σ), show that

D(p∥q) ≥ 0,

with equality if and only if p = q.
(iv) Let p ∈ P(Σ) and let u ∈ P(Σ) be the uniform distribution

given by

u(x) =
1

|Σ|
for each x ∈ Σ.

Show that H(p) = log(|Σ|)−D(p∥q). Conclude that H(p) ≤ log(|Σ|),
with equality if and only if p = u.
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