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matrix exponential weights

Let n ⩾ 1be an integer andd = n2. We identifyRd with thespaceRn×n of square
realmatrices of size n. Denote𝒮n

+ the set of real symmetric positive semidefinite
matrices. Let 𝒳 = {X ∈ 𝒮n

+, TrX = 1} and h ∶ Rn×n → R ∪ {+∞} defined
as

h(X) = {∑n
i=1 λi logλi ifX ∈ 𝒳, where λ1,… , λn are the eigenvalues ofX

+∞ otherwise.

1) Prove that 𝒳 is a closed convex set.

2) Prove that h is well-defined.

3) Prove that h is a regularizer.

4) Is h strictly convex? strongly convex?

5) Compute min h and sup𝒳 h. Is the supremum a maximum?

6) Give expressions for h∗ and ∇h∗.

7) Define UMD sequences based on regularizer h and derive regret bounds.
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